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(54) ^31#Ua.-A-XM/-i? 



(57) [^*^] 

1 0 2, 1 0 3:s.t^"-^-b-x 

AN 1 lOl^zX DIS^^iL/^-X— 
U i - A tc^# t - ^ 



-T' ■ -f-r M 0 1 ^fl 
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tLTv^'i.-'f-b-x ■ To AW . 

K ■ xyr ■ ^-y by-^ (WAN) t^i 

[ it^ii 2 ] ifrien 7^ ■ X - iyij^^^ 7-.v^zx 
txo \>zm^^fix\^h .1 h ^mmh^hmim i lem 

2iem^o>'Xxi^o 

t-mBM:^vv~i^(Dnm^^') ^-^ni.zm%i2^t.tifz 

^Xx-yTi:. 

m%mm:^ h u-i^co^mm^^ u ^ - a ^ t^*^ ^ ti 

x^'J^L-jUX-mmi-^:^^ -yTfc . 



mizmm't^xi''yy\ 

Tv^^v^*t-^t3|fria-tf-b-x • ru^uy ■ ^4 vt^^ 
f-^^m^msx^ ray 3 ^^-^^ < t 1 o^MK 

mzm^-thy^^-/r^^tjn'~9 ■ xhu-i^ ■ -if- 
^z'x^tm-t^^^m^ rj y b ^- ^ izmn^ -^^fz^o) 
Tx-iy-^j:.mm-t6m^mzm^m d m^^^i^. 
umm 1 0 ] imx h u-i^comnMv ^.-j^mz 
m^7ittifzr—^^'t~^'x ■ rms->f ^ • hi^z 
mmi^zmm^6xi'-/y\ 

V V — iy ^^^Ti~t])V ■ X h ly~i^\H(^zmi^^iX 
TV i^V^*i-^(ctiriB-9--b-X ■ TxjJ^^y- h^^^ 

mzm^f-t^xT^T^^t^r—^ ■ xhu~'j ■ -9-- 
^'x^m^^^y^m^^yi^'^-^i^zmn^'^^fz^co 
mmmzm^'^mtLfzyxj^^j^ ■ 

-y^mm^^mmx-h-ox. 

i^mxhU-zy^^-^n~^j]y ■ XhU~i^^mx_i.^ 

~^ • ^4 hX'h-^x . m%^imx h u-'Jimmmm 
RmmmmM^^^. miao-^/i ■ xhu-i^^m 
%^mmmMmzmt^j2,tfitzy'-9^-^-\LX ■ yu^i 
hi^zmmi'zmmi. m^&mmmM('zm^u. 

t tifz -r— 9 ^ pJfJ^o) x^i^jL — ;bT-tfria-r— fx • y° 
xjjU 9' ■ Vi^zmtL. 'f~9t>^mt^n~i])V ■ x 
hU'-'Ji^zmh^tLXi^t^\^^m-^i^zmm'^~^'x. ■ ro 

^U9' ■ vt-^'f-9^mi.v^tj^o\zm)^^i\x 

[ft^ll 1 2 ] n-;^;^ ■ X b Ix-i/Xcor? Kft 

^\<z)^'mV^X. 

-fx ■ tuju^ ■ hi,zmmi,zmm-6x^^y 
mm^x h iy-i^\^co^mmmmi>zm^^^ttifz^- 
^-jux-mm-t^x^ «yr. 

T'-iJ'^&^'mfiBn-;^;^ ■ xhU-i^mzmi^tLX\^^^ 
v^^tcfffiB-f-fx • Tn^'^r ■ ^f>f b>&-/^7^-^ 
^f^^^tf^T^ «y rco a *>ii'''=Sr< i: i) 1 -y^Mmiizm 
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[tmm 13] -r-^ • X b U-iy ■ i^X'rM.^CO'f 

m^hx^-^y'b . 

m%ty'~9t)^m%^'^~:^)V ■ f a x^ ^zi(^m^ fiX\^h 
Xx>y y°t. 

fifiEf^-^^^'WiSn-Ti?;!^ ■ f ^ x^ (-zm^^tiX^^^^ 
Mien /I. ■ X ^ .X ^ h r— 9 '2rlI^3i^/'i^^:^^ . 

m%m.m-M^vY\^zxm%^hm\mm.^^m'thx 
mt^z^itL. mmimx v u-i^'i^ammmmizm^ 

■ X h U-'Jizm^^tiXi-^^^i^m-^l^zm^^ 

[ff^iM 1 5 ] uw.x V v~i^\f^<r)nmmMi^zm^u. 

t tifz r - 5=' ^ mmi<z^it-t hx=r-/y\ 

tmmx Y v~i^n<^^mwmm<z-m%iLt.fd'z^- 
9i)^u-:^)v ■ xhu-'jmzmm^tix\^^^^\>^m^i^z 

tiMkMx h Ix-i^'^^ti'liriBn— • x h ly~'J(,z 

^mm^6 x^ >y Tco d ^ 1 -^^'mm\>zm^^ 

16] ^-9 -XY U-'J ■ i/>!.7"Ap*gtC7^- 
- ^ ^^t^:ffmx'h X . 

^^m-ttX^^yTt. 

mmm^7L^^^y}^<^f-9co:if^Va.-M, ■ ^-f 
mm-r^xi'^yTb. 



:^;]^ ■ X.hU—zy[Hcou—:^jU- 4 X9 liZmt^^~9 

ttrie^iU^-A ■ 9-{y°t)^^-^yi^a.<Di^^\<z^ mtt'f 
-^*^'tirien-x?;p • 'f^x9i,zm^^fix\^ht^}£o 

t)^^tW<^hx^^-/y°h. 

tiriSr-^//|iriBn-^;^ ■ f ^ X9 \<zifm^flX\^h 

^>o^^tfrieD-x?;b ■ f ^ x9^zmt^)MsxT -y ry , 
HifiBx— ^^^"'j ■ 9 ^y°t)mmt^c d fpi:m'<. 

hx^-/y°b. 

itrie^t^'u ^--^^ ■ 9'i y°ijm%^cDm'^i^z^ m%^y'~9 ^ 
u^-b ■ -9-- ex • Tnysw y ■ ^4 hcmmzm^ 

3?^ |. . ^f_t■■x ■ rays' -f y ■ -»f-f h hF;f.7Ei7:) 

xyi:^^-Mzm-^\^xnm^^. mtm^^^^^-^y 
Yi^zmm-^m^mk^^^^x^^yTb ^^t^i^ 

ummi 7 ] 'f-9 ■ xv\y-i? ■ ^-h'x^mm 

^hzyx^j^x'h-^x. 

w^.x b v—'jcon%M^^) zL—M.mzmt^i'ktfifz^— 
9^^~\^x ■ y°uJU 9' ■ vi^zmmzmit. 
wm)mx V v~i^cr)^m%M^'j ^~M.\Hizm%v^t,ti 

/-CT^-^^laia-^-fx ■ Tnys--f y ■ ^-i V{zm'm.(7y 

X y ^ -^ixmm . m^^f- 9 ^mMunx-^ hu-'j 

^^On-^;b ■ X b U-'Jmzmm^tlXi-^^^i ^mi^ 
(.z^—\zx ■ rnys'-r 9' ■ tf-f Vio^^<D^-9tK^'>ls:^ 
ay o t,^^^ <bhl -D^MiRmzmf^^^^^^mt. h 

iyX^J^., 
[0001] 

■ i^x^MzmL. X oMtcti. ^--r ■ hi^ziK 

j^mt^zm-t^o 

[0002] 

^^•rt^ti>mm(^zmmx'ht. mm. 7--^ ■ x 

M^-i^' ■ -9--b'X ■ Tny\'>f XhU-'J-:inU 

^-A. T^-^ ■ J^>y9r^yy°^b'^mm-^xhu- 

if^^'X M/-y ■ ^f-b'X ■ rn^sw ^cOr ^ly9hU 

m^x':icoxhu-i^(,zmm^^^. rti. ^se 
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[ 0 0 0 3 ] World Wide Web (WWW) (i. jAV^tifc^T" 

TO. ^— If ■ ^4 Vi^zy'u^zy ■ ^-^^^m^-th^ 
yATVY ■ rrU^-^aV (Web^-^^-f 

[00 04] 7|^[iI#l^^5,l55,835-^T1±. V/^-f-L^^ 

iyX^J^^m^LX\^^^^... <lc^Mf?XU. F ■ xy 
r-^-ybV-^ (WAN) mcOXhU-i^ ■ i^Xi'J^ 

^m^LXis^^. r^-fe-x • -f ■ 

r fl t i^-ofzhco) ^ ^-cOt"'- :^ t T V ^ 

[00 0 5] 4 y^-^-y b ■ y°rthruu\.mr{>\i° jL 
-^fflJ^M^-^ y^7x-x ( i sc s I ) Tli. 
>y bV— ^y^"" ■ yyyiz4 y^-^-y b ■ Tn b n 

;K I p) ^mmt. Wa-w~f])V ■ xyr ■ ^-y b 
y-:^'^t/^"/xtsv-r b ■ xy r ■ ^-y bV-^±T-^ 

Mc7)7-n>y:^ • (SCSI) x-^^S^< 

fejit-'l.o iSCSI (IP SAN) T-ti. -r^Tc^ 
^^^^ >y b y i?'" ■ b b >S fz 

^fliZX^. by-^ ■ 3X b^t/^^^ 

m^i&mx'^t. mm^^mtr^fzmz^ i sc s i 
T'ti I p:t-/ h'7-i^mi,zm^^fifzm^<^^--/ h"?- 

tJ\ i SCS ITnb:j;Hj:. We b-*f-< b ( http://w 
WW. ece . emu . edu/i ps/i ndex. html ) <7)1 PXh l^— ■ 
•^y^i'' a y (http://www.ece.cmu.edu/ips/Docs/docs. 

html) X'mm^tix\^^t. 



[0006] IETF ( Internet Engineering Task Fo 
rce) ^ft^^7^-Tti:http://www.ietf.orgT\ ^-y b 
^ ■ 7 T -r /I^ ■ i^XxA (NFS) y ^- iysyS 

(IETFc7)rfcl8 13) f > ^-y 

b ■ yr-^/l- i^X^M. (C I F S) 7°nba;l^ (htt 
P : //www . c i f s . org ) ^ J^f* L "C V ^ ^ ^ 

[0007] NF Sti. :t—r'y ■ ^^1^-- r ^ V^'" • 
zyXi'M.Th D . ^^7)0 S'JfiJffl-rfL«"^^T^7)^.>y b 

■ jL-^fjmKi: h mm^c^) ^ y b° ^ - ^ i^zmm § 

TVi§it^7r-f;Ptcr^-feXT-#>So NFST-ti:. 
jlMWra b r?;^/^ y^-^-y b • Tn b r?;^ ( TC 
P/IP) coALitLXWif^ixhi^my r )V ■ yx=rl^ 

(VFS) tmm^-Yy^7x-x^}itT^^7T 
Mzr^-^xx-^ho nFs^m^^hc. ^-ybV 
-^tcJgg^$fLTv^ar7ye^-:^^^^^rybh t 
TiJjf1^$ii:^//iQy^-b ■ yr-^Mzr^^xL. ^ 
-^^"h t-CWjft^it^^O^'^y^-b ■ ^-^f■^;lj;>Sa- 
^ ;b^^ 7 r 7b^<7) r ^ X ^ "^mi^zx- % h . 

[0008] CIFSrnb ^^^-^-j^-^ayny'C 
a.~9{z—mXz^)^~V ■ yrAMzyy^xX'^hi. 

o\^^-thm^^jmh{j<7-)X'hh. ciFST-ts. 

«y b7^-Ai>r7yh°^-^i>M^'S^— tfrt). mM 
vy b^oiT^-f b-;b-r>S^h^< 7 T-f /bSr^ 

^ . C I F Sti. TC P/ I PiiT-^tf 
7r-r;b^t/^"7°y ■ r^-bX^tCMicrosoft Wi 
ndows (^liffiM) tC^^-r-^^' ■ ^ >yfe-i^' • 7-n>y 
9 (SMB) Tnbrj/^^^mt-^. t7^c^^"oT. CI 

FSTii. t"^T^or7°y^— ^-3 y (Web7""^^^f 

^-^O) ;6My^-^-y b±c7)7r-<;b^r?f1i^. ^-^-t 

[ 0 0 0 9 ] We b^f ^ b http: //www. cnt. com &t/'htt 
P : //www ■ san . com ^Ct j: . X b b-— >^"Xti-X b b-— • 

y r • ^-y b v-^ (SAN) b ■ X y r ■ ^-y 
i. r7 _ ^ ^ s^-r h -jjmiz-D i -^x (7)mm:b^h wan 
tmi^i. immmm^-]^ (atm) . mm^^-zhv 

-9 (SONET) t^yti^^7^C:,fLh.:. iie^^^^lfflT- 

[t. xbb--^^"- v'XT'Ah^i^x b ■ r-'rU xbcomco 

mmmmm^m^mm^^:fjm^m^^ lx v 
[0010] yx^j^co±m(r>xm^m^ 

A^^Ji;t^<rfc>i)-'-C#. i?^^JL-if>'XbP-v^- v-X 
[00 11] 

btcfi;$ltt<7)]$v^^S^®o-;^/^ ■ xb^->>"^ffiv^^ 
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-f yti^^T) j; 3 • ^f-b•■XtCOV^T:2-- 

[0012] 

-f vi^zmmtih. ■ h^oTj^xba. iKM^^ 

Ay ■ XhU-zyl^zr^-^XT-^6. fMS#"'J^-/^ ■ 
[0013] :*:^0^^O~-^lffi?B^^JT-a. r—^-7.hU 

■ ^~\Lx^m^.^^ i:.o\^zmm.^fixv^h 

fx ■ y°uJ\A y ■ ^A ^S.t^■^f— b"x ■ Tn^sw 
y ■ ^4 Vl^Z^A Y ■ JZ^)r ■ ^-y bV-^ (WAN) 

Tv^^v^*^^t^^f-f X ■ rnys"-f y ■ -if-f Vt^h=f— 

y^m^m^x o i^zmm.t-tixv^hi^x^j^.^jn.mi^zh 
fz-^xm^^h. 

[0014] :^mmimmmmmx'it. ^f-ycrymm 

lim^m^^^o n-^;!^- XM/->>-F^cOf^;Ji-y^- 

ixfz^-yt\ nmv'-^mmm^-y^-^mwYt 
[0015] ^%m(7^m<^mmwmx^±. r ■ -^-i 



■ Toy ^li^-^f- ■ r ^ -fe X vSitii7)y n° ^ - y ^^t^f T- 
% h o ^c7>53->|;f(c^':)-^ ^ -tf-f x ■ Tn^s'-f rtiiJi.- 

[0016] 

t«fflT-# J: d tcll^BH t. i/'-:#7EC7:)r7° \) ^-^ h 

y h ^(^m^<^^m\<zii\ ^x tm^n-^ xv^t. mmm 
mco ^t^^t tcmiEi^i . '^mmx'hmffz'^-t < mmx- 
^^Th^oL. tfzz^x-^mtx^-^^-m'^^^Mm 

m/rr v > h y (z h mmx- # ^ , ^t^x-. 
it^^fix^^^mmmPMzm^^ti^^xn^^K . 

[0017] ^mM^zx^-mmmmxn. ^-xt^a i 

0 oti^-^f" ■ ^f-f b 1 0 1 . § ^i^zm 1 co-ff-f X ■ 

Tn^sw y ■ -tf-f M 0 2S.6^"m2 W-f X • Toys" 
^y -^4 hlOSI^zX Kimf^^ix^ .:. ^— ^' • ^A h 

1 0 1 comm^i^irx-Mm-t^^ . > x-r a i o o 

-fx ■ Tnys'-f y • -if-f hc7:)i^(i;M^':>TV^TC> j; 

V^. mi^^f-fX • TxJ^Uy ■ ^f-f M 0 2ti. X 
h U—'J ■ 7t^"U ^— 121. 122. 123. mf 1 

2 4 ^fi^ . ^2 W-f X ■ TujU y -^AVIO 
3tiXM^-y • .H'U ^-i.1 2 5. 1 2 6. 1 2 7. 
m/ 12 8 ^fli;i ^ . -9-- fx ■ y°u^U y ■ 

■ ^^^) zL~J^cr)mimti:-^X\^XhX\^o 

-If— fx ■ y°uj\A y - vio 2isafi 0 six. tz 

htlif. 2oc7)M^^^^«^%l^i3iagT-i^^. ^- 
^f' ■ -^--f f 1 0 1 . mi W-f X • TnA--r y ■ ^f-f 
M 0 2 . S.^/■m2^7)^f— f X ■ ToyS'-f y -^A Yl 
0 3ti^fL'm. y-f K • Ji'Jr ■ ^-y bV— ^ (WA 
N ) 1 1 0 (.c|gi!$ixT v-i>& . ^f-f X ■ ray^"-f ^" 1 
0 2m/l 0 Sti. WAN 1 1 OMiT-f^ — ^ ■ Xb 

v—i^- Hf-f x^^-- r ■ -9--^ M 0 1 ^0^-- rtc^ 

[00 18] '^m^l^zim'mcDbii^ . WANiiti. }i 

^-y ■ ^-^-/YV-i^coilbTh^o WAN(,ttfz. n 
- xyr ■ ^-y b^-^ ( LAN) h^ts. WA 

i^xy'j^^t'co^j^mm^Mtxmm^fi^. * 
mmu'mM.^Mtxmmrt^thT^h. m^m^ 

[001 9] WAN 1 1 OT'ti. #-9--f h (:2--if ■ 
-r-f M 0 1 i:-9--f X ■ rn^NM ^ • ^f >f M 0 2^ 

1 0 3 ) comx-mm-^^x'^ h . m o i . i o 
2. mfi 0 3ti. ^\^^m^-s.\^zmx^Kx\^x^ 

V^. WAN 1 1 Oti. jiS. #miB^3*^-K (AT 

M) . nm^^--/Yv-'^ (SONET) . n^mk^ 
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l^&S ( D WD M ) . Xti-r y >y b • T O b 

)V (IP) .^-yfV-^tCj;01iij5c$tL^. 
[00 20] J2.-^f • b 1 0 1 % 1 i7)7^x b 
1 0 4 (±X M^— ■ X U r ■ ^-y b (SAN) 
1 0 7^^tTo-^;b- XM— 0 6(ctii!$ 
ft. 5^2(7):J;Xb 1 0 S{tU~fj)V • xUr ■ -i'-y bV 
— ^ ( LAN) 1 0 SSr/rtTn-^/b ■ XM— 

0 6tCtgM$:flTV^>g,. Ti^X b 1 0 4^t/^"l 0 5tin- 

■ xbb— 0 ^{zr^^y^-th. 7f«xM 0 4 

M 0 1 |^i7)7};x b ^7)i5rt^i^;5; o T v^T C> J; V \, LAN 
1 0 8^i. /^ch ^ 1 0 9 $r /M.TWAN 

1 1 ^\<zWm^flX\^h. ^Wm^k'^^t^^o. SAN 
lOTXtiLAN 1 0 8i7)V^^ix*^lo. XtiSAN 

10 7S.t/LAN 1 0 8cO|^:^^-^Oj:atC^— r 
■ -9-^ b 1 0 l^^^t--l.^i:>i)-"C#l.^i:^^^#ti 

[00 2 1 ] j; a tc. S ANt«WX 

b V~ ■ tV N-f X^7)^}I^f |. y _ ^ -^.-^ r) ^ S 

A N (C j; '9 LAN XtiWA N F^cT)-^-/^-^ — ^^'j^;^ 
CO X b - i^" ■ "ff M X ^^'f [JM^t^T-^ ^ . S A N 

-^l^c7)fiSW-^^>^.r^-feXT-^ ^ J; 
[0022] SAN 107 ti. /ih /Itf. 7 r -f ■ 
f--r ^.;bX(i:/J^M a > t' ^ - 9mmm^i > :^ 7 a:- 

X ( s c s I ) T-iSRJcT^ h . 'i^mmiz^mmcox o 

. y r-irs- i? y b° ^ - :^ mfi<^m.WM 

t^^(ANsi) {zx->xmmt^fix\^^. 

t^yT^^<- i~^^-JUW:^(/i. Fibre Channel Arbitral 
ed Loop ( F C - A L ) T\ ff tV^^^^^filSMx^SW X 

^lt$ tiT V . 5^7 r ^ y ^--C-f^VS-^ X ^ fiMt-^ F C 

1 0 0 ^^VS'^ h ( M B p s ) : 

[0023] tfz'^mmi^zim^c7)X 0 (c. sc s 

S^corjye^ — ^ i^XT A T-jUffl^g 'Sr n y - ^ 

t3tgMt-^7'C^t3'^M§tLT V^>S>^^°^ l^/b ■ y ^ 7 a: 

-xMmTS^>So SCS My^7x-xti. M^p^ft 
^x-^lgjm^ («:^8 OMBp s ) ^ffjfflf# 

-So 

[0 0 24] ^;t^ll#tCt±M^cOj:atC. LAN^: 

tixti3»jf^!imcMRS$ixTv^i». ^5fc^fc■'coLAN^i. 



ti. flSI^t^ft^5^^^5M^m (CPU) ^fl^. TO^-^A 
^m^7't^:^\ l.AN±coi£McompMzhlr—^RX/ 
X^zr^-^X^t^th^mTh^. Lfzi^^-^ 

X . ^KcozjL-'ftK v-^ ■ 7° y y^K^ccn^mmt^^ 

LAN Sr^M t T . i: ^ «W -/b ^Mft L '9 ^ 

-vv b ■ -b -y y a yt3#jnL/t D Lxm^zMit-th ^ 

h C> T- ^ ^ o L A N V ^ ^ V ^ ^«C7:) c7;)// J5 1, 

pctcti-f— »f^-y b {Mmrnn) t^m.h-mmx- 

hh. LAN ^ ^Mft-r r 

Lfj-L. i^ANmmmmmm^fixii^. ttz 
^-(D LAN {zmmx- % h-ny};^ (omnzmm 

[00 2 5 ] mi T-a. LAN 10 Q^fzb ti^fA — 
-9-t-yb (©liF^II) htTmtTV^^. mic7)7t^x 
b 1 0 4 ti. h 7a >y ^ ( S C S I ) ^ y ^ 7 
x-X ( I ,/ F ) $:^ffitTn-^7b • X b P-yi 0 
6tcr^-feX^>g,, m2c7)4^Xb 1 0 5ti. /-ct^H". 
7 r-f ;b (NFSXtiC I FS) l/F^m.mLXu~ 
f])V ■ XbL— i^'l 0 6tcr^-bX-r>g>, m2c^7j^Xb 

1 0 5(i. /:-:h.ta\ 7n>y^ ( i SC S I ) I/F^ 
ftmLTn-7t?;b ■ x bb— >^"1 0 6 tCT^-bX-r-S ^ 

[0026] n-7i?;b ■ X b 1 0 6S.tf^'^f— fx 

■ rn.M'-f ■ ^f-f b 1 0 2S.t^" 1 0 3T1i:. ATM± 
T- i S C S I Xti7 T -r ■ ^Vb. S O N E TiiT" 
VrAr^ - &-^%)V. X(i^*@^yy ■ Tn b^/P^fsg 

o n-^;b • X b b— y 1 0 6 ti. fS^.x b b- 
111. r?y7 ^ ^'^b—y 3 y ■ x-7Vb 112 

(ia4i;#BS) . -mmmii i 3 ([ii5i>#Ma) . 

-bX • n^'l 1 4 ([M6i>#B^) . ^^>yy^'[f#l 1 
5. WSmy^Kl 1 e^-^t^o rjy;tf-^-.yb 1 1 
2. 113. 114. 115. 1 1 6r(±r7-^7l^ 

■ Xblx->>'1 0 6^^-\^>yy^i:tT|);ft$-it>S^h 

Tj^x b 1 0 4 mi 10 5 tifR^.x b b—y 1 
1 1 (cr ^ -bXT-i^ ^ o fM®.x b 1 1 1 ti. 
-xh^ayiY^^) i-A117. 118. 119. St/' 12 0 
'^#tiv, fS.^.xb^-i^'l 1 ll^i7)#'U^-Acoi5ctiM 
;ti^.c7);ti-u^-Al 1 7— 1 2 0 
cO^JMti. n-^;b ■ X b L— 1 0 6>^;^"fi^d o n-^ 
;b ■ X b V—V 1 0 6St/-9--t'X ■ To>'nM ^ ■ -»f-f 
b 1 0 0 BtS. '(S.^;}<Ui-A ■ Xbl^-S^'l 

[0027] :3L— rti, r ■ -9->f b 1 01 
y jL-A • X b V—V 1 1 1 ( n— ;i^;b ■ X b l^-i^' 1 

061^(7)) ^ieiit-'&<rfc>&^'-c^^o iss.^y^-A- 

X bl/-i^' 111 7&^':2.-if ■ Hf>f b 1 0 1 tciBfli^tL^ 
^ . ;J;X b 1 0 4^ttX/XtiJ^X bio 5C0:2— iftiiS 
S;nu^-A ■ xbP- S/'l 1 l^^^ffl-r^^fctcJ; 



( 7 ) 0 0 2-3 24000 ( P 2 0 0 2 -gtS 



-A 1 2 1 — 1 2 4S.t^'XX(i:4^"'J ^-A 12 5—12 

8) tcr^-fexT-^^o f^^m^'y ^-A • xM^->^-i 

1 1 tiiiS. ■ TOVSW ■ X M^— ■ 

^-A ( rJl'U ^-A 12 1 — 1 2 4RU'yXit7nV ^- 
Al 2 5— 1 28 ) (Cj:b^T-r-rX;Ovh$V^. fR.^.;^"'; 
^-A ■ xhU~'Jl 1 Hi. /::h;itSi:J.TT-tM-r>g. 
Xotcy'xJ^y^ \/¥ (SCSI) . yrA)V\/¥ 
(NFS. c I F s) ts:}£(nv^<-j'b^(nAy^y s.~y^ 

-^mi-h. ■ 7.vv-v\ 1 iti. 

Hfj^j^WAN 1 1 0(c^[lir^-feXt^<T 3tc 
■ 7.VV~iy \ 1 1 

[0 0 28] [112 ti. u-^)V- 0 6 

M^->>'1 0 6ti. ^nrn-fe-y-ff 2 0 1 (/th^ 
Intel Corporatioir^Motorola Corporation^) . 
(l^gp) ys-x2 0 2 . SAN 107^::^'^$ 
tlTV^^SAN-f y^^x-X ( I/F ) 2 0 3 (HI 

1 ) . LAN 1 0 8tC|g^§tlTV^^ LAN I /-^F 
2 04 (mi). WAN 1 1 OtcM-^^tiTV^-SW 

AN I/F 2 0 5 (mi ) . 'J I/F2 0 6. 
^^U 2 0 7. xVXiJ' ■ ba— ^ 2 0 8. &t^a 
■ ^ ^ 2 0 9^mtho ^^y207ti. r? 

y 7 ^ i^-^ H y ■ T-y/i^ 112. mmm 1 1 

3. r^-feX ■ O^-'l 1 4. ^-^'-y>.=-'|t|gl 1 5 . & 
t/-Tn^"^A 116 ^mhth o v-f ^ nrn-fe >y-tf 2 
Olti. o— • XM^->^"1 0 6F^^^t"^T^7)y y 
-X^M^t. Tn^-^Al 1 6^^ffltTn-^;^- 

[00 29] [112 ti. r7-^;P ■ XM^-i^^'l 0 6 1^(7) 

2 0 9c7)X-^>yT^H >y b^7FLTV^>g.. ^^^Cltijil 
^^7)^^3 0. X-^>yTi^H >y ^[^C7)X Mx->>" 

tia-;;^^;^ ■ T^-f Xi^2 0 93{)^Ji>;><^y 2 0 7tc^t!l$ 
[00 30] ^-V'yi^jLft^l 1 5ti. • 7^' 

^ h y 2 1 0 . is^T-^ ■ y X h 2 1 1 . mf^ 

^.yiy^ • f^--^2 1 2T'^^$^X-g.. ^-^>yi^zL • 
^1/^ by 2 1 OtS. ;><^y 2 0 7^t;fn-;)!?;^- 
X^2 0 9l^cO^^>yi^^$ix;^C7-'-^2 1 2c7)xW 

^by (::3yy ^t^^u-i^Bymm) X'hh. <rc=o^ 

■ X— ^2 1 2t±. LRU (Least Recently U 



sed ) mmmx-mm-th ^ t >s ^ t^^ t . as 

■fex^ix^. 

[003 1 ] f^^f'-^ ■ y X b 2 1 1 ti. ■ 

X — >>■ 1 0 6 i^zU.-^^tiX V ^ I, fm-f - ^(D^)XV 
X-hh. ■ yxb2 1 Ki. #/^x-^^<7) 

;I^-f V:^. ^f-fx • Toys' -f y ■ -<f-f h/s.iO.-K-f y 
^. S.t^'[5lfiMFBl>S:i:-^0#f*^x-^^^'[f#^#ti'„ [5l 

b v-i^ 1 0 6 \Hizmm'tt ~ b h . :L<7mf^ 

l^t.fzbUt. 1^^. IS. 1»T. Xtil^ 

{m^y^VV~l^\ 1 1 tclSli^$:^X/^cf^. r7y:7^:^'^U' 
H > ■ x-XVH 1 2 ([K4 ) ^isgfflLTx-^^ 
gPiStc ( [BjfigtT ) -»f-fx ■ rnysw y -^AY {fz 
b Ut. -r-r M 0 2 ) {zm^-t'<-%-r:hh . fzbx. 

m^f-^^t^^') ^-A 0 0 117 i^zmm^ti 
>s „ [114 T-. y A 0 0 117 l<im^m^■ i d 

0 0 xmm^fih „ ;i^" y ^-A 0 0 117 i^zmtn^ti 

TV^a-r-^ti[5lSH7^-^^OT. T^-^^-tf-fx • 

Tu^u y ■ ^-i VI 02 ■ ^-i VI) cniT^ 

y ^-A 10 1 2 1 ( y ^— viD 10) {zm^^^z 

[0032] ^(om^r^^y.mm^mm^h b . mm 

ttcO^^V^x-^ ■ XV\y~'J^mmX'^h. fzfzL. ^ 
— r • -tf-f M 0 1 ?^?^^-*f-b"X ■ rnys'-f . -tf ^ h 

1 0 2^t'^"/X('il 0 3^zr9-^x^h(7)l^zmWit^M^ 
hfz^. m^T^^X^zi^tt-t^ 0 crynmi^^'J^mxhho 

ii^^^T^-fexB^rHiti. ixXT^A 1 0 oxm^^fthm 

^c7)^^ - 3 y j; o T -g. . 
[0033] ;^XM OAmJ^yxm 0 5:^)^^i>r:5'•fe 
X$ix/if^-^ti^^ y 2 0 7tC|§||^$fLl> . ^^7)^- 
^(i. ^-rv > .2. ■ 2 1 2 mm I. o ^-i^ "y 

SL ■ 2 1 2ti. Tj^X M 0 4S.t/"/Xti7j^X b 1 

0 5co:i.-^(,zX':>xmmizri:!''^x^tLh—mm'f- 
9xhto 

[0034] —mmmmxi^i. to^-^a nei^i.^ 

-ys: . Tn:?''^A2 1 3. i^y^n-f^f-r 2 1 7. ^-r 
-y >'ji.MI^2 1 8 . X^$/^— ^ 2 2 0. jSLU'r^U X 
• F^^>'^'2 1 • rni?^^A2 1 B^C 

ti. n— xbV— 0 6^t/*XN 1 04 
t//Xt±;^X M 0 5 ) ^-'SV^tCiifiT'^ ^ <> ■ 
Tn^^A2 13ti. NFS^^-ys■2 1 4. CI F S-^f 

->'N'2 1 5. ^t/scs i^f->'N'2 1 ex-m^^fit. 

NFS-9— ^^^'2 14ti. m^<7^nFS-^-)^bLXm^ 
•th. CI FS-if— >'N'2 1 5, %^(DC I F S-if— 
tTi&f^^o SCS IHf->'s:2 1 6ti. SCSI^- 
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7ti. u-^r"-^ • 'jxb2 1 i^mmLx. u~t])v 

■ X V U~'J 10 6 t^-H'X ■ Tn A-f ^' hi 

0 2RV:XXI^il 0 3(r,mm^t6. ^ i^- si^mm 2 
ISti. ^-r^yiy^ ■ ¥^V^hV2 1 O^^ffltT. 
pi^U 2 0 7 tn-^/l. ■ -r' YXi?20 9l^c7)^-^.y^ 
^ ■ X — 3^ 2 12 i:mm-t^ . X^iy^ — ^ 2 2 0^t. 
-9--ys; ■ Ta^-^i.2 1 3. ^-y^n-f-f-f 2 1 7 . ^ 
-r<y^^$iJ1$P2 1 8. m^'f^VS^X • F^-fyS-2 1 9^ 
'c'c^-t^X coy'n $r X ^ i^jL—A -t^ . ^"-f 
X ■ K7-r^^"2 1 9ti. SAN l/¥ 2 0 3. LA 
N I/F 2 0 4. WAN I/F 2 0 5, .^^i; 
I/F 2 0 6. S.t/^'T'"^^^ ■ n^bn— ^2 0 8^ 

[ 0 0 3 5 ] [113 ti. ^mj\(ommmfMzxhT~9 ■ 
x\^^koi^z^ 'f~^comm^mm^tzb{zm-^v^x 

. iKMTr^')^-^ ■ X b 1 1 1 Tti. 

mmt-^^ -yiy:L^tix\-^hfp. nrnt^immtHzm 
txi'~9<7mm^M^Wio » vxrx^ hi^zt^L<tm 

LX^^hXolZ. Um^ir:^) ^-2^ ■ XVV~zyl 1 1 

:^X'h^-^(r)mm^MmAx_^ . ■ -r-^ M 0 

1 Xn. fMi^X Mx-i/ 1 1 1 tc4|I^.c7)fS®.4^-)J ^- 

i^^U JL~J^0 0 1 1 7 . ^-AO 1 11 
8. m'y -2.— i.0 2 1 1 9 . S.t^";J^"y ^-i.0 3 1 

20) ■^tii^c^Mm^^v ^~j^commx^6 . 
( 1 ) mmmMu ^-a. ( 2 ) im^iBjfiH^i-y ^- 

(3) i^^^tifzmMV ^-J^. Mf 

{A) ^^-/i^zL ^fi.fzimm^^') ^~Mz-^i^xmz 
[0 0 3 6] ( 1 ) mnmm^^v {^^v^-i^o 

0 117) : Tjl" y ^ - A 0 0 117 afte^|5lfiH;Ji- U 
-i-AT-fe^. L/^C^O^'oT. ;J1''J^-A00 117 
ti. 1^ 1 CO^-H'X ■ T\JJi^ hi 0 2lzm^ 

xmmcoxhu-'j ■ rnv a.-M,xh^yr^o ^-M.i o 

12 1 tnt^^X^^^^^o ^^XM 04^0^'/ 
Xti 10 5 If' ■ M 0 1 ^0) ti. ;J^"U ^-A 

0 0 117*^^ f—i^^^M^^^. U 1 0 

^>yi^jL- ■ ^-\''yv-^2 1 2 (1^2 ) n^iZt^h 

n-;^;!^ ■ X M/->>' 1 0 6 (EI2 ) tin-;^?;^ 
• 7^^X^2 0 9 (132) tc:r:^-feX-^-r. p<^y 2 0 

7tcri5'-fex-r'g./i'tfcsi'i.<. *xM 0 4m/xx(^i 

1 0 5ti. ^sVjl-M^OO 1 1 7i:7}iyi-Al 0 

1 2 1 tcT^-^^^^s.tfo :icommmm^^v ^- 

A. ;Ji'y^-A0 0 1 1 7ti. ]^^=5rM.^e.^r^-fe 



XhftfItt<7)m^XM^-S^-- ^^XxA^^J|-r^>o 
[00 37] ( 2 ) ffe^#[5lfl|;J^-U ^-A ( ^-A 

0 1 118) : .ii'y ^-A 0 1 11 smfmmm 

y ^ —A T-tt) >g> „ Lfz:i)^-^X. U ^ - A 0 0 1 1 

1 8(,±. mi W-ex • Tays--f y ■ -9--r M 0 2 

V m^p.(ox h -AT-^ h y ^-A 

1 1 1 22yWl^AX^^-M'th. Tj^XM 04^ 
lS/X{ t 1 0 5 ( i . 4^" y ^ - A 0 1 1 1 8 fS'T'f 
- 9 Srll^)i^ . 4^' y ^ - A 1 1 12 2^^^ [tn"- ^ 

^^-9 2 1 2\f^l<Zhtm^. U~:^)V ■ Xh\y~iylO 
6iin-7j?;^ ■ T^VX^2 0 9tcr^-bX-ii:-r. ^^y 

2 0 7 icr ^ -feX-r ^ T'i ttT-^ ^ o :J^X M 0 4 mf/ 
Xtil 0 5ti:. 4^"y ^-AO 1 118(cr-^^»^ 

"^^^ imf-^ ■ yxh2 1 1 m2) i^z^mt^. 
'j^~jhxmmm^tL6 . 

[0 0 38] ZcoU^r—^ii. rs^y^yy^yh ■ 'J 

3 y-C-a-^/b ■ X b 10 6 (IM2 ) \H^zJ±m 
t. WAN 1 lOa^hyy >i y':^'kmm-h^bt^X 

:icr)tmim%M^') ;|^'y^-A0 1 1 

[0039] (3) ^-^'y>-.x^jX7"c|alflMy J.-A 
(;Ji"y .x-AO 2 119) :;ji'yj.— A0 2 119 
>y ^^$tl/t|5lfiH;J1-y ^-AT-^5)^c Lfzt^-^ 
4^"y^-A0 2 1 1 9(i. mi^7)Hf-b-X ■ Tr? 
ys;^ y ■ ^f -f M 0 2 l^ZHV^X^MiOX h V — 'J ■ ^T^ y) 
^-AT-t?) t y^ y ^-A 12 1 2 3 i: |5l A XS: 
-^-tho ;}^"y^-A0 2 1 1 9ti^-^>yi/^>: LTiSj 
it-r-l) o Lfzt^-^X. Tj^X M 0 AMf/Xi^t 1 0 5 
j:oTT^-feX$tl^7^-^:^)^>J^ y ^-AO 2 119 
r^-fex^^iZ-CT^— ^/i)^o-^;b ■ t^Vx^ 
2 09 (1112) P^hzt^\^i^^. n— ■ X bb— i>'l 
0 6 ([112 ) IttW. 1 ^7)^f-b•■X • rnys:-f ^" ■ ^f ^ b 1 

0 2:6^A,r-:5'*|^.?^3X^T■. f%;^}i^/'iT^-^^^- 
7j?;b ■ x^ 2 0 9 (c»^}Xti% -r-^»^n-^;b ■ 
X b 10 6 i^t;iA':'/^^f^, n-7^?;b ■ x b 1^— i^' 

1 0 6ti:^^y 2 0 7^^rLTn-^;b- tVX^2 0 
9t)^i^^-9^^^:^h 1 OAMf/Xl^tl 0 3i,zmh. 
r^'^X^iXfz'f-^t^^^-/i^:2. ■ 'f-9 2 1 2\H^Z 
hh^. u—:^}V-XhV—i?10e{,tu—:^)V-'f 
>f X^2 0 gtCTiJ'-feX-t^-r. pi^rU 2 0 7tC:r:^-feX 
^htmX'hh. ^^XhlO Am//X\,i l O 5ti. 
yjL-A02 1 1 9 i:;frU JL-Al 2 1 2 3tCv^-^ 

yjL-A02 1 1 9 tifB-^ J: < . n-;;?^;^ ■ X b 

i^ioecD^-ix-^m^'t^ihti^X'^h. :L<7ywMTr^') 

^-A. ;}<y ^-AO 2 11 9X'\,t^^i,Z^ ft^lit^ 



(9) 002-324000 (P2 0 0 2-V80 0 



[0 04 0] (4) ^-\--y>-.3.gfL7^C#[5iaM'Ua--A 
(;J^'yj.-A0 3 1 20) : :r^'J sL~J^0 3 120 

X. ^— 0 3 1 2 0 ti. m 1 i^;)-if-f '-X ■ TO 

y ■ ^f-f M 0 2 tcj3v^Tlll^^7)x b i^-i^" ■ 7r:\) 

^-AT-fe>S;J1''J^-Al 3 1 24^[5lt^^-f X'Jt^ 
^-r^o ;}^"y^-^0 4 1 2 Oti^-vvS/^h LTllj 

. t /i/Z o T . tJ^^X b 1 0 4 RW/Xii 1 0 5 
j:oTr^-feX§fi>g,r-:5^//^1^"y AO 3 120 

2 0 9|^tc^V-i*4^. ■ XM^->>'1 0 etim 

ex ■ To^S'-f ■ -If -f M 0 2:0^A>t^— 

2 0 9 tc»#3iO<. x-^:6^"t"C-(cn-^;P ■ X 
— i^'l 0 ei^tcAoTV^/s^i'^'e^of^. o— ■ xb 
1^->^"1 0 eti^^'J 2 0 7 ^^tTa-7^?;P • T^Vx 
^ 2 0 9 ^ ^7}^X b 1 0 4 1 0 5 (-C 
r^'tX-^tlfz'r-^:^^^—^ ■ ^-r-y>.x2 0 
V^^izh^^^^. ■ xMx-^/1 0 6^a-7^? 

;p ■ f^vx^2 0 9^cr^-feX'ti:-r. y 2 o Ttcr 

:^-feX-r^7'cWfe^. :t^X b 1 0 4&X/XXii 1 0 5 
ti. ;J1"y^— AO 1 1 1 8(C-f-^^»#2i^. 

■ 'jxb2 1 1 m2 ) i^zmm-h.. ^c^y{^^^ 
-/i^sL^tLfz^mnM'j^~j^. .ii-u^-A0 3 12 

0 t^tm^X < . u—:^)V ■ X M^— 1 0 6 

[004 1 ] [213 ^Az. -*f-b"X ■ Tnys'-f y ■ -tf 
^ fTtMfStTV^^-<f-b-Xl>^tTV^-g>« mi<7)^~ 
fx ■ rnvs'-r ^" ■ -^--f M 0 2c7);Ji"y ^-A 11 1 
2 2(±. ^2 fx ■ Tnys;-^ ■ -r-^ M 0 3rt 

(/yi^^J ^~i^2l 1 2 6tc1iM$tL>So ^"U^-A 1 
2 1 2 3ti. ^2c7)-9--b-X ■ y°rt>\.4 y - -tf -f f i 
0 3|^c7)4i-)j^_i,2 2 1 2 7(C|IM$^Xl^<. ^'U^ 
-A 1 3 1 2 4 ti. m2<7)-9--t-x ■ Toysw ■ 
M 0 3l^c7)4^-)j ^_^2 3 1 2 8t;i^SM$:fi-l)o 
■ -r-5'^)Zi7):}iM CJ^-b ■ nb-1 3 
0 ) ti. mmm%-h'<^'ct::h . ^-A ■ f^'-^ti. 

TIS^T-^ -So $ ^tc. HI W-b-x ■ rnysw ■ 
-»f>r M 0 2T'ti. :2.-if ■ -9->f M 01 <rmmi^t£< 
Tt>^Ui— A12 1 2 3£07^-^^0>'N''/^r>7r^ 
^trT'^-l. (5^EP13 2^#M) o ^<7yf^-/^r-/y ■ 

A ■ XM^-i;^l 1 IT'ti. ;}^XM 0 42itAVXtil 
f^^T'^^. JL-A ■ XM^-$/l 1 



-b-X ■ Ta7S-f ^■t:iMtT. ^-^f" • T^-bX • ^n"^ 
-yc^i>l;fc7)/-ci!6ic^Mx-x • n'—^^WfM^th^h 

~h^x%h.. f" ■ r;^-bx ■ )^^~v^^m^fd(k. 
-^-b'x ■ ym'fm^^ y) .x-a ■ x M^-y i 
1 1 ^m-^i^ < i~^-~y^x^ h . 
[ 0 0 4 3 ] [SI4 ti. ^^^mmummxzx t^yy < 
u—y 3 y ■ "r—y'ji 112 cr)—m^^'ty"^ ^ 
mxh^o ::iyy ^ ^'j^u—y a y ■ T~y"jui 1 2 

ti. ^^°x;<-^ r I D J . ^4 y^yju~X]^ ^^y' 
r.1i-U ^-A ■ ^-f Tj . r-tf_b"Xj {^J<'y^r-/ 

Tj , r^-iifj ) ^ r-if^xj ( r-^ifj ^ ^mmm 
. r^^j ) . :&r/ ^jftvy-^ xmf^^ti^. 

r I D J ii. a-Ti?;!^ ■ x M^-^^" 1 0 6 i^i7)f^ig;J^"U 
^-Ac7);Ji-'J^-A|iS[J^^-r. 5^^h;i(f. .1^"U^-A 
00 1 1 7 ([213 ) I D(iO OT-^^c r^^y^:? 

a:-Xj ti. SCSI. NFS. .^t/^'C I F S^^'cOfR 

^s;J^"'J A ■ ^ y^ 7 X— X ■ ^-f r^^-To r-tf 7- 
^'JTj ti. fM^.;J^'y ^-A|^c7)-tf:7-a:"jr^7)m^7K 
-To ^f7"x'jTti. 7"a>y^ ■ TKi^x. y^yy. y 

xmKp^^tt^hh. cl^o*^-^. I2l4c7)^MT-\ #-r:7- 

x'jm4^"u^-A • ^-irtim\:^xhh. fztt^f. 

;J^"'J ^— A 0 0 1 1 7 ([213 ) ( I D(<50 0 ) (i±izti 

^0 j; 3 tc(5l tfm[5isH7t^"y ^-A ■ rT-\t)^> . r ij 

(i^ch -^--b'X ■ ToyS--f ^' • -if-r h 1 0 2^7)11 
S'J^) . rixti. h t t pT KlxXi^ I PT Kb-XT-l) 
J; V \. r y ^_ ^ I D J ti. -'f- b'x ■ Tn^ s'-f y ■ ^ 
-f M^iO;Ji''Ji-A I D^^-r. ^^ch/K.f , -9-- b'x ■ 
yuJU y ■ -if-r M 0 2c7)4l'ij ^-A 10 1 2 1 
ij ^- M D 1 0 ^^^o. r y . ^ ^ 7° j 

r-/y° ■ -9--b-x^5>tf^?--b-x^fc-c7)-9--b-x • 
^^Wy^^t^f^-r-g>-9--b-x^^-ro -r-b'x ■ Tnysw 

^'ti. 3]^f;f-9--b-x^tMf*t-^h^tc. mmmi i s 

(1212) /\£0;K^y^^iS^t. MIt'ltfg (T^-bX ■ 

uy) 1 i4^f«t. ^^tff 

^-\i::xtmi^^fihi^^. 1214 co<^Jtc^$tiT v^^ j; 
otc rp t r J i^ayy ^^:2.\y—=yBy ■ "f—y'iVl 
12<^^lS\'^^i^B>X'^ZtLt. fztUf. ::iyy 

>{^:2.v—i^By ■ 'f—y')Vi 1 2t?);i^y^-Ao 2 
119 (I D02) ti. ^m^^^ i^Byiizr^^ y^p t 

r^!^ (^f4 0 0^#HS) o (;i^'y^-A0 2 11 
9C0) ID 0 2tC^t--g.<riO7ff-f >'^ti. [2I5F^£7)M 
ttlflgl 1 BcOttJtOI D 0 2&f^tTV^-S<. ID 0 
2ti. -9-:/xyr (7'^l/:^hy ) r/usraj (^f5 0 
0^#M) ^^-^^^ *f-f ( Tptrj ) tini/P t r 
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i^Jc^4^"'J^-A0 2 1 1 9t3>i>ftf«$fL^cr:^-feX 

[0 044] m^comXU. (;J^'U^-A0 2 

ID 0 2ti7^V 1^:^ b 'J r/usrbj (^f 
5 0 5#ffS) ^-^.^^^^ TNu 1 1 J (;K-r y^^t) 
;0^n^-p t r-fe^i^g yi^tC^-l), $ A>tC, ID 02 
-f"<L-^by r/usrcj (tf 5 1 0'^#HS) ^-^ 
Nu 1 Ifg y^^t) ^^n^-p t r-fe^^-H 

y^HI/Zh^. t /-C o T . T^V P ^ h U /usr b,S.t/y usrc 

1^ ^ b 'J tC>ft t^pSf r ^ -feX ■ U:/' 1 1 4 3&^'f^ 

[0045] y ^ ^ df'^ 1^-^ 3 > ■ 1 1 2 

X ( r^ifj ) ^^t. tfzimm^^-( X ( ri^|?§^^ 
■^^j ) M/m^^4X ( r^^j ) ^^tTV^-S. 

^^-r. t 4 1 0 xn. 0 0 1 

17(1 D(iO 0 ) ti. [214 T- r;Ky ^-j 

TNu 1 1 J im^^M^tiX^'^^^y. ^CONu 1 1 fit 

immx^i^'^-ji^^^Tnv ^-a o o 117 iznim 

^^flTV^^V^^ h^^t-o ^"U^-AO 2 119 
(IDti0 2)ti;. r.-K'Ji— J r}ij fi 

^m^tT*3D. ^^7)fgt±^ ;}i-'J^-A0 2 1191^ 
c7)f^-^:6^-5M(^ 1 Jg^f-fc-.X ■ Tnys--f ^ ■ -^--f b {tz 
ttt^^. -»f-f M 02) c7)f^-^^|5l»J||$ixTV^^ 
^t^^-t. ^~M.0 3 1 20(IDti03) 

0 . ZCOimt. # U ^-A 0 3 1 2 0 iHcOr'—^tm 

02) (D^-^tmnmm^tixi-^^zb^^^. 

[0046] ayy ^ ^^U — i^ay ■ "f—y'Jll 1 2 

1 ^ncoziyy ^ ^a^V-l^^y ■ ^—^mk'MithZ. 

[ 0 0 4 7 ] [21 5 ti. -^wmmmm.\<zxvmmm 
113 <n—m^^^xx2 >y ^ HT-^ ^ o rxti-'f- 

112 (1^4 ) T' r^f-b'X:5>tlf J .'N'^pi-^^ r p t 
r J l^zmMLtzM^. <X<^:i}iifi«imz^j:h. n-f})V 
■ :xyv--J\ 0 6ti. ^Wfgi 1 3c7)<rc7)7^-7^;^ 

Tj . rio/s J 2^t>' TMB/sj ( r^%^ 
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1 Title of Invent i (jn 

VIRTUAL VOLUME STORAGE 

2 Claims 

1. A system for providing a data storage service, the system comprising 



a service provider site c o a f i ju f « d to provide a data storage service 
; and 

a user site coupled by a wide area network (WAN) to the service prov 
ider site, the user site comprising s local storage having a virtual stc 
rage, the virtual storage having a syDchroncas volume and aa asynchroDOu 
s Toiome, the local stoiage configured to immediately transmit to the se 
rvice provider site data that is written in the synchroncns vnlume, to t 
lansmit at a pi e d e t e rm i n e d schedule to the service provider site data th 
at is written in the asynchronous vctume, and to read data from the serv 
ice provider site if the data is not stored in the local storage. 

2. The system of claim 1 wherein the local storage is configured to rec 
ord an access activity to the local storage by the host. 

3. The system of claim 1 wherEin the local storage records an access ac 
tivity to a volume in the virtnai storage 

4. The system of claiir 1 wherein the local storage records an access ac 
tivity in a sab area of a volume in the virtual storage. 

5. The system cf cliin 2 Therein the access activity is provided to the 
service provider site for analysis. 

6. A method of providing a data storage service, the method comprising; 
providing a local storage having a virtual storage, the virtual stor 

age comprising a synchronous volume and an asynchr ooois volume; and 
selectively performing at least one of the fallowing: 
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iiriredia te ty transmi 1 1 ing to a service provider site data that is 
written is the syncbroDous toIioic of tbe virtual storage; 

traDsmi tting at a pr ed e t e rmi lie d schedule to the service provider 
site data that is v?ritten in the asynchronous volimc the rirtnal storag 
e ; and 

reading data from the service provider site if the data is not s 
tored in the local storage. 

7. The method of clain 6, fDither comprisiog: 
recording an access activity to the local Storage, 

8. The method of claim 7, furtiier comprising; 

providing a record of the access activity to the service provider si 

te . 

9. As e lect ronica 1 ly-readah le mediom storing a program for permitting a 
computer to perform a method of providing a data storage service, the m 

et ho d c omp r i S i og : 

selectively perforning at least one of the followiBg: 

immediately transmitting to a service provider site data that is 
written in a synchronous volume of a viitiial storage; 

transmitting at a predetermined schedule tc the service provider 
site data that is written in an asynchronous volume the virtial storage 
; and 

reading data from the service provider site if the data is not s 
tored in a local storage that includes the virtual storage. 

10. A progian code enhedded on a carrier wave for causi.ng a computer to 
perforn a method of providing a data storage service, the method compris 
ing: 

selectively performing at least one of the following: 

immediately traasmitting to a service provider site data that is 
written in i synchronous volume of a virtual storage; 
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transmitting at a predelermined schedile tc the service providei 
site data that is written in ao asynchrcnons voUne the virtual storage 
; and 

reading data Irom the service provider site if the data is not s 
tored in a local storage that inclides the virtual storage. 

11. An apparatijs fcr processing data in a data storage system, the appar 
atu s compr i sing: 

a Bger site comprising a local storage having a virtnal storage, the 
virtual storage including a syncliroDOus area and an asyDchronons area, 
the local storage configured tc immediately transmit to a service provid 
er site data that is Fiitten to the synchronous area, to transmit at a p 
redetermined schedule to the service provider site data that is written 
to the asyachroncus area, and to read data from the service provider sit 
e if the data is not stored in the local storage. 

12. A method cf processing data in a data storage system, the method con 
prising: 

in response to a cammand signal to a local Storage, selectively perl 
orming at least one of the following: 

immediately transmitting to a service provider site data that is 
vritten tc a synchroneus area in a virtual storage; 

transmitting at a predetermined schedule to the Service provider 
site, data that is written tc an asynchronous area in the virtual storag 
e i 

reading data from the service provider site if. the data is not $ 

tored in the local storage. 

13. The method of reading data in a data storage system, the method comp 
r ising: 

receiving a read command from a host to a local storage; 
determining the volume type of the data that is requested by the rci 
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if tlie vclume type is 
k in the local stQiage^ 

if tiie ?aUme t/pe is 
tbe local d isk; 

if the data is stored 
the local disk; 

if the data is not stored in the local disk, then reading the data f 
rem a iciBote seivice pro?idcr site, storiag the data in the local disk, 
aod reading the data from the local disk; 

after leadisg the data frooi the local disk, updating statistical inf 
ormatioB relating to the read command; and 

re tirn log the data to the host . 

14. Ad apparatus for processing data in a data storage system, the appar 
a t u £ comp r i s i c f : 

a service proTider site configorcd to imred lately receive data that 
is written to a sjDchronous area in a virtual storage, to receive jt a p 
redetermined schedilc data that is, written to an asynchronous area in th 
e firtual storage, and to transmit data to a local storage that includes 
the virtual storige if the data is not stored in the local Storage. 

15. A method of processing data in a data storage system, the method com 
pr is i«g : 

selectively performing one of the followiag: 

immediately receiving data that is written to a. synchr onons area 
in a virtual storage; 

receiving at a predetermined schedule data that is written to an 
asyochroQCBS area in the rirtnal storage; and 

transmitting data to a local storage that inclsdes the virtual s 
torage if tiic data is not stored in the local Storage. 



static, then reading the data from a local dis 



cached, then checking if the data is stored in 



in the local disk, then reading the data from 
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16. A method of writing data in a data storage system, the method ccmpi i 
siQg: 

receiviDg a write command fiom a host to a local stoiagc; 

determining the raUme type of the data of the write conmaad; 

if the trcUme type is static, thei vriting the data to 3 local disk 

iQ tU local storage; 

if the volume type is cached, then checking if the data is stuied in 
the local disk; 

if the data is stored in tiie Iccal disk, then writing the data to th 
e local disk from a cache; 

if the data is sot stored in the local disk, then allocating a data 
area in the local disk and in the caciie and tiiea writing the data to the 
local disk f ion the cache ; 

chectinj if the volume type of the data is synchronciis; 
if the volume type is synchronous, thea immediately synchronizing th 
e date with a remote service provider site and then updating statistical 
information relating to the write command; and 

if the volume type is not synchronous, then synchronizing the data w 
ith a remote service provider site haSed on a predetermined schedule and 
then updating statistical information relating to the write command. 

17. A system for providing a data storage service, the sysstem comprising 



means for selectively performing at least one of the following: 

imnediately transmitting to a service pr o v i de r ..s i te data that is 
written in a sycchronoBS Tolnme of a virtual storage; 

t r iDSmi t t i ng at a predetermined scbednle tc the service provider 
site data that is written in an asynchroDoas volume the virtual storage 
; and 

reading data from the service provider site if the data is not s 
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torcd ifl a local storage that ioclndes the viitual storage. 
3 Detailed Descr'iptioo of InTeition 
VlUJi OF THE INVENTIOW 

The present ioTeDtioD relates to data stciagc systems, and relates il 
ore par t ito 1 a 1 1 T to a GjEtem and netiiod foi pioviding a virtual volume d 
ata stoiage in a user site. 
BACKGROUND OF THE INVENTION 

ManagiDg a large data storage system is very difficult. Typically, 
a data stoiage service provider provides a storage-related service such 
as providing storage voU flics, data backup, aad the like. Frcm a user si 
te, if a user cocQccts to this storage via the storage seivice proTider' 
s directory, then the user masL use a long distance conBcction to cooec 
t to this stoiage. Tbis process causes more deUp than if a oser Is co 
n B e c t i D g to a local s I o i a g c . 

The World Wide Web (ftW) cffcctiyely acts as a storage system in a w 
ide area. The user may deploy a proxy scivei in the user site. As tnow 
D to those skilled in tie art, a proiy server is a server that sits betw 
een a client applicatioc (such as a web browser) and a remote server. T 
he proiy server provides a cache, of items that are available on the rerao 
te servers. The proxy server tctercepts all rctjuests that are made to t 
be remote server so that the proiy server can deteroiine if it can instea 
d filfill the request. II the proxy server is unable to fulfiM the req 
lest, then the proxy server will forward the request to'the remote serve 
I for processing. A proxy server cao just only read cache data from the 
remote server oi site, and it does not support a write prccednre to the 
remote server oi site. Additionally, the proxy server can not provide 
a service that depends on the data feature. As a result, the proxy serv 
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er causes id ineffective usage cf resources, and the nse cf a picxy scrr 
ei alsfl causes inoie delays than the use nf a local storage. 

U.S. patent 5 , 1 5 5,8 3 5 discloses a inultileTel, h i e i ar c h 1 c a 1 , dyaaniica 
Wj mapped data stoia;e snbsystei. This patent refeieoce does not disci 
ose storage systems betneen vitle area netnarks (fAI4s) and ignores data I 
eat Dies sucb as access interface t7Pe (block or file, acd tbe like), pur 
pose (aser data oi system file oi backup file and the like). Thus, tbe s 
ibsystcB. disclosed in Ibis reference is inefficient. 

The Internet protocol small compnter system interface (iSCSI) uses t 
be iDteiDct Protocol (IP) networking i u f r a s t r o c t t r e to quickly transport 

large amounts of block storage (SCSI) data over existing local area and 
/or wide area networks. With the potential to sipport all major network 
ing protocols, iSCSI (IP SAN) can unify network arcbitecttre across aa e 
Btirc enterprise, thereby reducing the overall network cost and complexi 
ty. To ensire reliability, iSCSI can ise known network tnanageraent tools 

and ntilitlcs that bate been deyeloped for IP networks. The iSCSI prot 
ocfll is discussed, for example, at the website, b 1 1 p ://www. e c e . emu . edu/^ 
ips/index.html ) in tbe IP Storage ^section, bt t p ://www, ece . cma . e du/^ ips/D 
ocs/docs . html . 

The working grocp of Internet Engincertng Task Force (IETF) at b ftp: 

//www ■ i e t f . c r g provides a network file system (NFS} version 3 (rfcUU 
of IETF) and a common Internet File system (CIFS) protocol (h t t p ://www . c 
i f s . org) . 

The NFS is an open operating system that allows all.network users to 

access shared files that are stored in different types cf computers. N 
FS provides access to shared files throtgh an interface c a 1 1 ed ■ ¥ i r t ua 1 F 
ile System (VPS) which runs on top ol tbe Transmission Control Protocol/ 
Internet Protocol (TCP/IP). With NFS, computers connected to a network 
can operate as clients while accessing remote files and as servers while 
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proTidiDg remote users access Lo local shared files. 

The CIFS protocol defines a Etandard for remote file access using mi 
11 loos (if compBters at a time. With CIFS, users with different platform 
s aod computers csd share fiUs without having to initall nev softffare. 

CIFS runs oYcr TCP/IP, bat ises the Server Message Block (SMB) protocol 

f 0 ti r d in Microsoft Windows for file and p r 1 c t e r access. Therefore, CI F 
S will allow all applicatioQS (iDcludiag ¥eh browsers) to open and share 

files across the loternet. 

The websites http: //wwy . cnt . com and http: //TTrg-San. com describe wi 
de area network (VAN) connections to a storage or storage area networks 
(SANs). The WAN connection may be an asynchronous transler mode (ATM), s 
yDchronous optical netirork (SONET), and the like. 

The above references do not disclose methods ler providing hieraichi 
cal management techniques between storage systems and host devices. 

There is a need for a system and method that vill overcome the above 
'Denticaed deficiencies ol coDventional methods and systems. There is a 
Iso a need for a system and method tbat will pcimit ac access service pr 
ovider to have a reliable storage system and that will permit a user to 
quickly access the storage system. There is also a need for a system an 
d method that will permit an access serricc provider to be able to tane 
a local storage system based upon user statistic data and user log data. 
SUMMAKV 

The present invention may advantageously provide a-rcliahle virtual 
local storage in a user site. The present ioTcntion ma,y also advantage!: 
usly provide a virtual local storage that permits faster access foi a u£ 
er. The present invention may also sdvantagECusly permit a service prov 
ider to tuie up the local storage by using aser statistics data and user 
log data that are tracked by the local storage, and the service provide 
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T may then charge tbe user lor tbese tuning services. 

U one erabcdiment, tbe piesent invention permits a service provider 
to provide a data storage serifice via a wide area ncttfork. A rirtuai vo 
I uiae storage is deployed at the asei site. The rirtual volome storage a 
llOTS a bo5t(s) at tbe user site ta access tbe service provider Storage 
iDcated at tbe Service provider site. Tbe virtual volnmc storage advant 
ageously permits the user to avoid havicg to access each lime the wide a 
rea network coupled between the user site and tbe service provider site. 

la one embc d imen t , the present invention broadly provides a system { 
or providing a data Storage service, comprising: a service provider site 

configured to provide a data stoTage service; and a user site coupled b 
y a vide area network (WAN) to the service provider site, the nser site 
comprisiflf a local storage having a Tirtnai storage, the virtual storage 

having a syncbronous roUme and as asyachronoiis volume, the local slora 
ge configured to immediately transmit to the service provider site data 
tkat is vritten in tbe s^ncbTonous volume, to traosmit at a predetermine 
d schedule to the service provider site data that is written io the asyo 
cbronoas volume, and to read data from the service provider site if the 
data is not stored ia tbe local, storage. 

In another embodiment, tbe present invention provides a method of ma 
naging data in a local storage based on the data feature, Tbe virtual y 
0 1 umc- s to rage in the local storage determines if the data is static or c 
ached, and synckioaois or asynchronois. The virtual vuUme storage can 
also maoage data tot only by storage volume, hot also hj directory, file 
, cylinder, and/or block address. 

Id another crabodimeat, the present invention provides a method of tr 
acing tie access activities of a user in the iser site. The aser access 

activities are recorded to permit the service provider to analyze patte 
rns in the user access activities. Based on this analysis, the service 
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provider can tune the virtial volume storage in the user site. 
DETAILED DESCRIPTfQN OF THE PREFERRED EMBODIMENTS 

The foliflwing description is picfided to enjbie any person skilled i 
0 the art tc make and use the present invention, and is provided in the 
context of a particular application and its requirements. Varions mcdif 
i cat ions to the emb o d i me d t s will be itiiily appaiect to those skilled in 
the ait, afid the generic principles defined heieio may be applied tc ot 
her embodiments and applications witboit departing from the spirit and s 
cope of the present inTention. Thus, the present inveition is not inten 
dcd to be limited to the embodiments shews, bat is to be accorded the 
dest scope consistent with the principles, features, and teachings disci 
osed herein. 

In one embodiment in accordance with the prescQl invention, a system 

100 is configured by a user site 101, and by a first service provider s 
ite 102 and a second service provider site !03. The details of the user 

site lOl is described below. The number of service provider sites in t 
he system 10 0 may vary. The first service provider site 102 includes st 
crage voUnies 1 2 1 , 1 2 2, 1 2 3, and I?4, while the second service provider 
site 103 includes storage voluaes 125, 126, 127, and 128. The number of 

storage vclumes in a service proyider site nay vary. The service provi 
der sites 102 and 103 may be located in, for eiample, two different safe 

buildings. The user site 101, first service provider site i02, and sec 
end service provider site 103 are each connected to a Wide Area Network 
(WAJ^} 110. The Service providers 102 and 103 provide data storage servi 
c e s via the WIN 110 to a user at the user site 101. 

As known to those skilled in the art, a WAN is a computer network th 
at typically spans a relatively large geograpkical area. A WAN may also 
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iaclide local area networks (LANs). Computers conoected to a WAN aic c 
ften connected through public Dctvorks. such as the telephone systen, T 
hey can also be connected through leased lines or satellites. The large 
St WAN la existence is the InterDCt, 

The WAN 110 permits c ommun i ca t i o q between each site (nser site 101 a 
nd service provider sites 102 and 103). Each site 101, 102, and 103 may 

be separated from each other by long distaoces. The WAN 110 is typical 
ty configured by asynchronoQS transfer mode (ATM), synchroacas optical n 
etwork (SONET), Dense Wavelength Division Mnltipleiini (DWDM), or Intern 
e t Protocol (IP) oe t ffc r k , 

At the user site 101, a first host 104 is c o d n e c t e d to a local s t o r a 
ge 106 via a storage area network (SAN) 107, vhile a second host 105 is 
connected to the local storage 106 via a local area netvork (LAN) 108. 
The hosts 104 and 105 access the local Uorage 106. The hosts 104 and 1 
05 are, lor example, servers. The number o{ bests in the user site 101 
nay vary. The LAN 108 is connccled lo the WAN 110 via, for eiamplc, a r 
outer 109. From the teachings of the present invention herein, it is un 
derstood by those skilled in tbc all that the user site 101 may be imple 
mented to include only oae of tbe SAN 107 or LAN 108, or both the SAN 10 
7 and LAN 108, 

As knnwn to those skilled in the art, a SAN is a high-speed Sub-netvf 
ork of shared storage devices wherein the SAN makes all storage devices 
available to all servers in a LAN or WAN. As more stor'age devices are a 
dded to a SAN, these added storage devices Till also be-, access ible from 
any server in the larger netwoik. 

The SAN 107 may he configured with, for example, fibre channel or Sm 
all Computer Systeai Interface (SCSI). As knows to those skilled in the 
art, a fibre channel is a serial data transfer aichltectme developed by 
a coDSortiim of computer, and mass storage device manufacturers and oot 
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being standardi led by the American NatlDual Standards lostitste (AMSl). 

The most promineot fibre chaoocl standard is the Fibre Channel Arfaitrat 
ed I.nop (FC-AL) which is designed for new mass storage devices and cthei 

peripheral devices that refinirc a »ejy high bandwidth. Usinf optical fi 
bers tn cnnnect the devices, FC-AL supports full-dnplex data transfer ra 
tes cf approximately 100 megabytes per second (MBps). 

As also known to those skilled in the art, SCSI is a parallel intcrf 
ace standard osed by Apple Macintcsh computers, personal compiters (PCs) 
, and many systems for attaching peripheral devices to computers. 

SCSI interfaces prnyide fur faster data transmission rates (up to aboit 
80 MBps) than standard serial and parallel ports. 

As also known to those skilled in the art, a LAN is i computer netwo 
rk that typically spans a relatively small area. Most LANs are confined 
to a single building or groip of buildings. Most LANs connect workstati 
ons and personal computers. Each node (individual computer) in a LAN ha 
s its own central processing unit (CPU) with which it executes programs, 

but it is also able to access data and devices acywlieie od the LAN. Th 
us, maay users can share cxpen s i vc^ d c v i c e S , such as laser printers, as w 
ell as data. Users can also use the IAN to commuuicate with each other, 

by, for example, sending e-mail or engaging in chat sessions. There ar 
e many different types of LANs, witii Etbeinets being the most common for 

PCs. LANs are capable of transmitting data at very fast rates, much fa 
ster than the data transmitted over a telephone line. 'However, the dist 
ances over LANs are limited, and there is also a limit. .on the number of 
computers that can be attached to a single LAN. 

In Figere I, the LAN 108 is configured as, for example, an Ethernet. 
The first host 104 accesses the local storigc 106 by ise of, for exa 
mplB, 1 block (SCSI) iaterface (1/F) . The second host 105 accesses the 
local storait 106 by. for example, a file (NFS or CIFS) I/F. The second 
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best lOS nay also iccesE the local storage 106 hy, for ciaDplc, a block 

(iSCSI) 1/F. 

The local storage 106 and service provider sites 102 and 103 may use 
iSCSi or fiber channel oTer ATM, fiber ciiannel OTer SONET, or a in i que 
render protcccl. 

The local storage 106 incUdes a viitoal stcrage III, configuratian 
table 112 (see also Figure 0, Statistical infoimatioQ 113 (see also Fig 
Die 5), access log 114 [see also Figire 6), caclie iDfcrmatioo 115, and p 
rograms 116. Tfae ccmponents 112, 113, 114, 115, and 116 permit tlic loca 
1 storage 106 to act like a caclie. The hosts 104 and 105 can access the 

Tirtual storage 111. The irirtual storage III includes some volumes 117 
, 118, 119 and 120. The number cf voUmee in the virtual storage 111 mi 
y vaiy. These volomes 117-120 are maoaged by tlse local storage 106. Th 
e local storage 106 aod service provider sites 102 and 103 collaborate f 
or cieation of the virtual voUme storage 111. 

The BSer can deploy the yirtaal Tciume storage 111 (in local storage 

106) at the user site 101. Ttie virtual volnrae storige 111 allows the n 
sers of liost 104 and/or best 105 to access the huge service provider sto 
rage (ToUines 121-124 and/or volumes 1 2 5- 1 2 8) as the virtual voluine stor 
age 111 is deployed at the aser site 101. The virtoal volime storage 11 

I typically has a smaller size than the service provider storage volumes 
(volumes 121-124 aod/or volnmes 125-128), The viitaal volume storage I 

II has several interfaces sach as, for example, a block- I/F (SCSI), file 
l/F (NFS, CIFS) as discussed below. The virteil volume storage 111 adv 

antageously permits the user to avoid in having to access the WAN 110 ev 
cry time. The virtual volume storage ill also enables the service provi 
der to provide a faster and more reliable storage system for the user. 
Figure 2 is a black diagram shoving the details of one embodimest of 
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tlie local stcrgge 106. The local storage 106 iDcI^des a micrcprccesso r 
201 (which is availatle from, for eiample, Intel Corporation cr Motorcl 
a Corijorat ion) , a local (internal) hns 202, a SAN interface (l/F) 2 0 3 co 
upled to the SAN 107 (Figure l), a LAN l/F 2 04 coipled to the LAN 11)8 (F 
ignre l) , a WAN l/F 205 coupled to the WAN 110 (Figure l) , a memory l/F 
2 0 6, a memo If 2 07 , a disk controller 2 0 8, and a Iccal disk 2 0 9 . The me 
moi^ 20T contains the c o n f i g v r a t i o o table 112, statistical i&foimaticD I 
13, acceSf log IH, cache information 115, and programs 116. The microp 
locesscT 201 controls all resoaicej in the local storage 106 and execute 
s all procedures in the local storage 106 by using the programs 116. 

Figure 2 shows a snapshot of the local disk 209 during the luncing o 
i procedures in the local storage 106. As known to those skilled in the 
ait, a snapshot is a copr of a whole volume or a part of a Toiume oi a 
real storage. These icformatioa and programs shown in Figure 2 are stor 
ed in the local disk 209. At the bcot sequence of local storage 106, th 
ese data aad programs are moved from the local disk 2 0 9 to the memorjr 20 
7. 

The cache iaforinatioo 115 is conligured with cache directory 210, pe 
nding data list 211, and cache data 212. The cache directory 210 is a i 
iiectory (co o f i gn ra t i o o iaformatioa) of the cached data 212 in memory 20 
7 and local disk 209. This cache data 212 may be managed hy the least r 
eceotly used (LSU) management. Bnt some cases should be an exception ol 

the LKU managemeut, hecaise there will he no possibili'ty to access agai 
D in the near future. One Such eiception is sequent ial.. access where the 

storage address is accessed in a seoential manner. 

The pending data list 211 is a list of pending data which is sa?cd i 
0 the local storage 106. The pending data list 211 has infoimation of e 
ach pending data such as a pointer to peodiig data, a painter to a seiri 
ce proTider site, aod a eynchi o nous period. A synchrooous period ig def 
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ined h] tie data feature. If the data is aot important, then thi? data 
nay be stored in the Ideal storage 106 for 2 predetermined period. This 
period may he, for example, ooe miaute, oq« hour, one day, one week, or 
one monti. If the data is inportait, then after the data is stored in 
the Tiitnil storage 111, the data shoald be stored immediatelj (sync hr on 
cuO in a service provider site (e.g., site 102) using: the configurat 
ion table 112 (Figure 4). For example, syuchronous data is stored in Vo 
lume 00 117. In Figure 4, Volnmc 00 117 Is identified with the ideotifi 
cation nnmbci ID 00. Since the data stored in Volume 00 117 is synchron 
Dus data, the data will be immediately stored in the serrice provider si 
tel 102 (Kemote Site 1) at VoUme 10 121 (Remote ID 10). 

This synchronous access leiture provides a leliahU data Storage sys 
tem. Hoffever, synclirnncus access requires muct time bccaise o\ the acce 
£S time by the user site 101 to the service provider sites 102 and/or 10 
3. The required access time depends cn the particular operation being c 
arriefj out on the system 100. 

Data that are accessed by hosts 104 and/or 105 are stored in the mem 
orj 207. This data is called cache data 212. Cache data 212 is a tempo 
rary data that is frequently accessed hy a user of host 104 and/or host 
105. 

In one embodiment, the programs 116 include s e r e r programs 213, a b 
ynchrooizM 217, a cache cootrol 218, a scheduler 220, and a device driv 
er 219. The server programs 213 permit the local stors'ge 106 and the ho 
St 104 (aad/or liost 105) to communicate with each other., The server pro 
grams 213 are configared vitli an NFS server 214, a CIFS server 215, and 
an SCSI server 216. The NFS server 214 acts as a c 0 n v e n t i 0 n a 1 NFS serve 
r. The CIFS server 215 acts as a conventional CIFS server. The SCSI ser 
ver 216 acts as a SCSI target device. The syncbroniier 217 synchronizes 
the local storage H6 and the Service provider sites 102 aad/or 103 hy 
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usinfi the pending data list 211. The cache conticl 218 controls cacte 2 
12 in the memory 207 and local disk 209 using the cache d i r e c t o i y 210 
. The scheduler 220 schedules all procedures such as the server programs 

213, syncbroni rer 217, cache control 218. aod deirice driver 218. The d 
C7icc driyer 219 controls all devices in local storage 106 such as the S 
AN 1/F 2 0 3: tlie LAN l/F 2 0 4 , the WAN l/F 205 , the memory l/f 2 0 6 , and th 
e disk controller 208. 

Figure 3 is a block diagram showing one example of a data laycot in 
accordance with an embodimeDt of tte present invention. The maDagement 
of the local storage 106 is based upon the use ci data feature, as descr 
ibed below in additional details. The virtual roUme storage 111 deals 
with the diita featare, depending on whether the data is Static or cached 
, syncbroQCus or asynchronous, As also described further below, the vir 
tual volume storage 111 can deal with data Icature act only by Storage v 
oUmes, bttt also by directory, iile, cylinder, and/or block address. At 

user site 101, there are four (4) types oi virtial volumes (Volume 00 1 
17, Volume 01 118, Volume 02 119, and Volume 03 120) in the virtual stor 
age 111. Tlie features ol these viftual Tolumes are described bellow: (l 
) the Static synchronous volome^. (2) the static asyichronous volume, (3) 

the cached synchronous Tolume, and (4) the cached asynchronous volume. 
(l) The static synchronous volume (VoUice 00 117) : 

Volume 00 117 is a static synchronous volume. Thus, Volume 00 117 o 
ccupies the same siie as the real storage volume, Volnme 10 121, in the 
first service provider site 102. The hosts 104 and/or JOS (at user site 

101) read the data froiiVoUne 00 117 and not frcmVoUme 10 121. If t 
he accessed data is in the cache data cache 212 (Figure 2), thin the loc 
al storage 106 (Figere 2) does not access the local disk 209 (Figirc 2) 
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aod jQSt accesses the memory 2 0 7. The bests 104 and/or 105 ifrite data t 
0 both Volamc 00 117 aod VoUmc 10 121. TUs static synchronous Toiume, 
Volume 00 117, provides a fast read access aod reliahie storage system. 

[2) The static asypchronou^ VoUme (Voliime 01 118) : 

VoUme 01 118 is a static a s y nc li r o n du s ?olune. Thus, VoIdidc 001 118 
occupies the same size as the real storage ?oUme, Volame U 122, in tk 
« first service provider site 102. The hosts 104 a fid/or 105 read data fr 
om just only Volunie 01 118 and not from Volume 11 122. If the accessed 
data is in the cache data 212, tbea local storage 106 does not access th 
t local disk 205 and only accesses the memory 207. The hosts 104 and/or 
105 write data to Volume 01 118 and register to the pending data list 2 
11 (Figare 2). This pending data is syachroaized with a predetermined s 
chedul e, as described bel oir. 

This pending data may be compressed i a the backgroaad job in the Uc 
al storage 106 [Figure 2) to reduce the WAN 110 traffic. This static as 
ynchronODS yoUme, VoUme Of 118, provides a fast read and write volume, 
but may not provide the same reliability aS a syflchroioiis Tolumc. 

(3) The cached syncbTonoas Tclume "(Yilame 02 119) : 

Volume 02 119 is a cached synchronous volume. Thus, Volume 02 119 o 
ccupies same size as the real storage vofune, Volume 12 123, in tbc firs 
t service provider site 102. Volame 02 119 acts as a cache. Thas, ther 
e is ao data in Volume 02 119 that is accessed hy the hosts 104 and/or 1 
05. [f the data is not in the local disk 209 (Figure 2), then the local 

storage 106 (Figure 2)reads data from the first service, provider site 1 
02 and writes the read data to the local disk 209. After the data is in 

the local storage 106, the local stsrage 106 sends the data from the Ic 
cal disk 209 via memory 207 to the hosts 104 aod/or 105. If the accesse 
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d data i£ in the cacbe data 212, then the local storage 106 does not acc 
ess local iisk 2 09 and just accesses tlie memcrf 2 07. The hcst? 104 and/ 
OT 105 wrire data to Volume 02 119 and Volume 12 123. This cached syncli 
ronous voUrae, Volume 02 119, ad?antageflBSl7 ptrmits the rediction of si 
;e of the local storage 106. This rirtval volime, Vclnme 02 119, alsc p 
icvidcs a -eliable storage S7Steiii. 
(4) The cached a s y nc hi o n o u s vcUme (YoUme 03 120) : 

Volume 03 HO is a cached asfnchronous rolime. Thus, Volume 03 HO 
occopies same sise as the real storage volume, Volume 13 124, is the fir 
St seTTice prOYider site 102. Volume 04 120 acts as a caclie. TUs tlier 
e is DO data in Volume 03 120 that is accessed by the hosts 104 and/or 1 
05. If the data is net in the local disk 209, the local storage 106 rea 
ds data from the first service provider site 102 and writes this read da 
ta iQto the local disk 209. After the data is already in the local stoi 
age 106, the local storage 106 Eends the data from local disk 209 via me 
mory 207 to the hosts 104 and/or 105. If the accessed data is in the da 
ta cache 207, then the local storage 106 does act access local disk 209 
and jast accesses the menory 207. ^Thc hosts 104 and/or 105 write the da 
ta to Volume 01 118 aad register to pefldiag data list 211 (Figure 2). T 
his ptoding £ata is synchicnized with a schedule. This cached asynchron 
ous volume, Volume 0 3 1 2 0, advantageously permits tlie reduction of size 
of the Iccil storage 106, but may not provide the same reliahility as a 
Sf nchiOBOu s TO I ume . 

Fignre 3 also illustrates a service provided by the.. service provider 
site. YoUme 11 122 in the first service provider site 102 is doplicat 
ed on volume II 126 in the second service provider site 103. Volume 12 
123 is diplicited on voUme 22 1 2 7 in the secosd service provider site 1 
03. Volume 13 124 Is duplicated od volume 23 128 ia the second service 
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prcridei site 11)3. Tbis doplicaticn (remote copyi&s 130) cf Tclume ilati 
provides a disaster recovery method. The vclonie data may be daplicated 
by use of, for example, conventional remote mirroring tectirology. Mii 
tioaall7, at tlie first service provider site 102, a backup of the data i 
n Vclame 12 123 may be made (see arrow 132) without requiring the fnncti 
on of the user site lOl. This backup service permits the user to reduce 
the workload of data back up. 

As &0W discussed below, tbe virtual volime storage Hi can make a tr 
acc data hised upon access activities from the bests 104 and/or 105. Th 
c virtual voliitne Storage 111 can provide to the service provider this tr 
ace data for purposes of aaalyzing the user access pattern. After analy 
ling the user access pallern, the service provider can advantageously tu 
ne the virtaal volume storage 111. 

Figure 4 is a block diagram of an example of a configuration table 1 
12 in accordance with an embodiment of the present invention. The confi 
guration table 112 is configured with the following parameters: "ID", "1 
nteiface", "Sub Area', 'Remote Site", "Remote ID", "Volume Type", "Servi 
ce" ("Backup", "Analyie"), "size" ("Total", "Used", "Free"), and "Policy 
" , ID indicates volume i de a t i f i c a t i on of a virtial volume in the local 
storage 106. For example, Volunc 00 117 (Figure 3) has an ID 00. Inter 
face icdicates the virtual volume interface type such as SCSf, NFS, and 
CIFS.. Suh area indicates the namher of sah areas in the virtual volume. 

A snb area ma; be a certain area of block address, crliflders, file, an 
d/or directory. Volume type may be diffcreit between e.acb sub area. In 
this case in the example of Figure 4, each suh area has the same volume 
type. For example, Volume 00 117 (Figure 3) (with ID 00) is a static sy 
nchronoDS rolvme type as mentioned previously. Kemcte Site indicates an 
identifier of the remote site (e.g., the identifier of service provider 
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nte 102). Tbis may he the IP address cf an tittp address. Remote ID in 
dicates volume ID i& a serTice provider site. For example, Yolame 10 IZ 
1 in service provider site 102 has a remote ID 10. Vnliime type indicate 
s a type of vclcme sncli as static or cacheii, synchroncus or asynchronous 
. Service indicates a service provided hy the service provider Such as a 

back np ser»ice cr an analyze serTice. W&en a Service provider provide 
s an aiilyje service, the service provider sets a pointer to a statistic 
al information 113 (Figure 2) aad creates statistical informatiofl (acces 
s log) 114 to obtain a data feature. If an analyze service is provided, 

then "Ptr" will be indicated in the Analyie sectioc in the Configuratio 
s Table 112 as shovo in the example oi Figure 4. For example, Volume 02 

119 (ID 02) in Configuration Table 112 has a pointer ftr ir the Analyze 

section (see row 400). This pointer for ID 02 (of Volume 02 lU) point 
s to ID 02 in the Statistical Information 113 in Figure 5, ID 02 has a 
Sub area (directory) "/osra" (see row 5 0 0) with a pointer ("ptr") in the 

Log Ptr section. This pointer (ptr) points to the access log 114 which 

is an access log created for Volume 02 119 in the example of Figure 6. 
It is further noted that in the example oi Figure 5, the ID 02 (of V 
oUme 02 119) includes a directory "/usrh" (see row 5 0 5} with a "Wull" v 
alue (no pointer) in the Log Ptr section. Additionally, ID 02 isclides 
a directory "/u«rc" (see row 510) with a Null value (no pointer) in the 
Log P.t r secticQ. Thus, no associated access logs 114 bave been created 
for the directories /usrh and /usrc since these directories do not have 
pointers that peint to an access log. 

[q the Conf ignia t i 0 Q TahU 112, Size indicates total memory size (To 
tal) in gigahytes, used siie (Used), and free size (Free). If a volume 
is not in the file system in local storage 106, then only the total size 

needs to he known. The parameter policy indicates a schedule for synch 
roniiation. For example, in row 410, the Yolume 00 117 (with ID 00) has 



(6 8) )02-324000 (P2002- mi& 



a "null" value set in the Policy paiamctcr in Figorer 4, asd this null 
raiae iidicates that a syoch toq i za t i od schedule has aot beea set ior Vol 
ume 00 in. Vclumc 02 119 (with [D 02) has a "ireek' value set in tlie Po 
licy- parameter, and this value indicates that the data in Vcliine 02 119 
is sync hron lied OBCe pei we el with data in a service provider site (e.g. 
, site 102). yaiume 0 3 1 2 0 (with ID 03) ha? a "day" value set in the Po 
licy parameter, and this valoe indicates that the data in Volume 03 120 
is syicbronized daily with data in a service provider site (e.g., site 1 
02) . 

The paTaraeteiJ in the Co n f i gu r a t i « n Table 112 are set by setting the 
configuration data in the Ccnfiguiation Table 112. Each storage subsyst 
em has an associated Co a f i gu r a t i o n Table. 

Figure 5 is a block diagram showing an example of statistical ioforn 
ation 113 in accoriJaace with an emhc d ime n t of the present invention. Wh 
CD a user or service provider sets the Se r v { c e -Ana ly z e parameter to "Ptr 
" in the Con f igora t i on Table 112 (Figure 4), then the following will be 
enabled. The local storage 106 collects the user statistical access inl 
OTtiatioi! of local storage 106 in this table cf Statistical Informatico 1 
13. The Statistical Iniormatioo is configured with "ID", "Sub Area", "1 
O/s" and "MB/s" (Head Ave, Max, Write Ave, Max), "Hit Ratifl', aud "Log P 
tr". The parameters ID and Suh area (in Figure 5) have tbe same meanings 
as ID and Sub area in Configuration Table 112 (Figure 4). lO/s indicate 
s the number of host/user input or output activities per second such as 
read and write commands per second. A read or write a<;,cess in a voUme 
or in a volume directory oiay be recorded by nse of any suitable known me 
thods. 

MB/s Indicates nnmber of bytes per second. The Iccal storage 106 co 
lUcts each read and write occurrence in a volume (or in a sub area in a 
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volume), and averages (Atc) this occurrcflccs. The local storage 106 al 
5G trackE the maximom occorrence (Max) of read and write occirreoce io a 
Tolome or in a sub area in a rolume. 

Hit Katifl i&dicates a hit ratio of local staraj[e. This hit ratio is 
, for example, only just for the local disk 209 (Figure Z) . A hit ratio 
is defined in equation (1): 

(1) Hit latia = 100%(#LOCAL DISK SEAD/^ALL HEADS] 
where *LOCAL DlSlt READ is the nimber of reads in the local disk 209 by a 
host, and "^ALL READS is the number of total reads br the host. 

Statistical Ufoimation lU is sert to the service provider sites 10 
2 and/oi 103 periodically. The service provider analyzes the feature ol 
data, and froai this analysis the service provider can propose better so 
latioQS to the vser of a host at the user site 101, 

As stated above, Leg P t t indicates a pointer to t fi e access log 114. 
II the service provider wants to koow more detail of user access patter 
as, thes the service provider can set this pointer to s created accesses 
log lU. 

Figure 6 is a block diagram sKoffiog an example of an access log 114 
ia accordance with aa embodineDt of the present inrention. When the scr 
vice provider wants to analyze the details of a oser's access pattern, t 
hen the service provider creates an access log IH and sets a pointer at 
Log Ptr (in Statistical loformation 113 in Figure 5) to this access leg 
1L4. The local storage 106 collects an access log 114-Dt each access by 
i user. Thio access log 114 is configured with the pq;ameters: "Date", 
"Time'', " Comma od" , "File ID", "Address", scd "Size". Date indicates t fi 
e date of an access by i user. Time indicates the time of an access. C 
ommand indicates the cominaad type Ce.g., read or write) of an access. F 
ile ID indicates the identification of a file that was accessed by this 
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comnaod . U access lo{ is for SCSI, the File ID maT b« bdIK Address 2 
ad size iodicates the access address and size. 
Read Process 

In the read piccednie, the cached defice (local storage lOG) acts a£ 

cache. Tie hosts 104 and/oi 105 access the local storage 10 6, siace th 
e local storage 106 has a large space. At first, a host U-g-, host 104 

cr hcst 1(5) issues a read command of NFS, CIFS, or iSCSl protocol via 
LAS 108 (Figare L) , or a read command of SCSI protocol via SAN 107. The 

local storage 106 receives the read command via LAN I/F 204 01 SAN I/F 
203 (Figait 2). The device driver 2L9 (Figure 2) handles this read comma 
nd from a host lai places this read command into the scheduler 220. The 

scheduler 220 then laalyies the read comnaad aod places the read commao 
d into a proper server (NFS server 214, CIFS server 215, or SCSI server 
2H) ffithii the server piogrms 213 Icr purposes of processing the read 
commaod. Each server program 213 checks whether the data requested hf t 
he read comma ad is in or not in the cache data 212 (Figure 2). If all d 
ata (which is requested by the lead command) is in the cache data 212, t 
hen the local storage 106 retaras data to the reqvestiag bost (host 104 
or 105) via toternal Us 2 02 and a network interface (SAN l/F 2 0 3 or LAN 

I/F 204). On the other band, if all of 01 part of the data (reqaested 
hy the read command) is Qot in cache data 212, then the requested data s 
hottld.be moved to cache data 212 from the local disk 209 or from the ser 
viceprovideisitesl02orL03. 

Figarc 7 is a flowchart diagram of this read proces.s in accordaace ^ 
ith an emfecdiment of the present iovection. After the local stoiage 106 

receives a read ccmmanri from a host (e.g., host 104 or 105), the local 
storage 106 checks 701 for the volume type of the data. The scheduler 2 
20 checks c 0 a f i gu r a t i on table 112 for tie volume type (e.g., static type 
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) by check a volume ID. Id panicular, the scheduler 2 2 0 (Figure 2) ana 
lyzes the read comaiaad to dcteimioe tdc vcUme type of the data aad to d 
eteriaiQe wh i c li server progiam (server 214, 215, or 216) should process ( 
handle) the read comniand. The scheduler 2 2 0 looks at con f i gu r a t i c Q tabl 
e 112 (Figure 4) Tor the volume type aod the appropriate server program 
to handle the read command. If voUme type is a static voUme, then the 

local storage 106 skips the steps 7D2, 7D3, and 704 and proceeds to ste 
p 705 which is discossed below, If the voUme type is a cached voUme, 
then the local storage 106 checks 702 il the data (reqiested br the read 

CO mm and) is stored in cr not stured in the cache data 212. 

The Iccal storage 106 checks 7 0 3 the cache directory 210. In par tic 
ular, the appropriate server (214, 215, or 216) is the server program 21 
3 checks vrhcther the data requested by the read command is in or not in 
the local disk 209. H all data (requested b? the read command} is stc 
red in the local disk 209. thea the local storage 106 skips step 704 and 

proceeds to step 70b which is described below. If data (request by the 

read comniand) is not in the local disk 2 09 . then local storage 106 exec 
ut€sstep704. 

In step 704, the local storage 106 allocates data area in the local 
disk 2 0 9 and reads data (reiiiested the read command) from a service p 
rovider site (e.g., service provider site 102). In particular, the each 
e control 218 uses the configuration table 112 (Figure 4) to determine t 
he service provider site from where data should be obttfincd. The cache 
control 218 reads the data from the service provider site and stores the 
data in the local disk 2 0 9 . 

After data is stored in local disk 208, the local storage i06 will n 
ove dead) 705 the data from the local disk 209 to the cache data 212. 
In particilir. the cache control 218 moves tke data fron the local disk 
209 to the cache data 212, The local storage 106 then ipdates 706 the s 
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tatistical informaticn 113 (Figure 5). fn particnlai, the scheduler 220 
in the local storage 106 npdates the statistical iofcrniaticD 113, If t 
lie log pointer (Leg Ptr) (Figore 5) in the statistical informaticii L13 i 
s set, then tlie local storage LD6 add^ the lug data of this read comma ad 
to the access log 114 (Figure 6). The scheduler 220 or the deuce iriY 
cr 219 cieates ttie statistical information 113 and access log 114. Typi 
cally, the scheduler 22 0 is prelerred in creating the statistical iolorai 
at ioD U3 and accegs tog 1 1 4 . 

The data Creqaested by the read commaad) is then moved 70T Iiqo. the 
cache data 212 to the iiost (e.g., host 104 or 105) that sent the read co 
nmand. Id particular, the cache cortrcl 218 moves the data from the cac 
he data 2L2 to the appropriate server program (214, 2L5, or 216}, and th 
e appropriate server program (214, 2L5, or 2U) returns the data to the 
host that seat the read command. 
Wr i t € process 

In the write procedore, the cached device (local storage 106) acts a 
s a cache. The host L04 aod/or host 105 access the local storage 106, s 
incc the local storage 106 has a large space. At first, a host (e.g., h 
est 104 or host 105) issnes a write command of NFS, CIFS, or iSCSI proto 
col via LAN 108, or a vrite command of SCSI protocol via SAIi 107. The I 
ocal storage 106 receives ttie write command via IAN l/F 204 or SAN l/F 2 
03. The device driver 219 (Figure 2) handles this read command from a h 
ost and places this read commaod into the scheduler 220. The scheduler 
220 then analyzes the vrite command and places the write command into a 
proper server (NFS server 214, CIFS 215, or SCSI server 216) withiQ the 
server programs 213. Each server program 213 checks whether the data of 
the write Gometand is in or not in the cache data 212 (Figure 2). If al 
I data (of the write command) is in the cache data 2L2, then the local s 
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torage 106 receives the djta from the host via internal bus 2 02 and a iie 
twork interface (SAN l/F 2 0 3 or \An f/F 204). TU local storage' 106 wi 
11 over write the data cn ao allocated space Id the local disk 209 and c 
ache 212. Oo the other hand, il all of or part of the data (of the writ 
e command) ig QOt to the cache data 212, then the locaJ storage 106 will 
allocate an area (in local disk 20S ard cache data 212) for the rest cf 
data not in the cache data 212. After all of the data area is aUccate 
d, then the local storage 106 stores data in that allocated area- When a 
11 data is stored in the cache data 212, then the local storage 106 stor 
es data ir local disk 209 aod sends this data to a provider site (e.g., 
service provider site 102). 

Figure 8 is a flowchart diagram of a write process in accordance wit 
h an embodiment of the present invention. After the local storage 106 r 
eceives a write command Iron a host, the local storage 106 checks 801 tt 
e volume type of the data of the write command. In particolar, the Sche 
daler 220 (Figure 2) analyzes the write command to determine the vclsrae 
type of the data and to determine which server program (server 214, 215, 

or 216) should process (handle) the read commaad. The scheduler 220 1« 
oks at configuration table 112 (Figure 0 for the vnlnme type and the ap 
propriate server program to handle the write command, [f the volume typ 
e is a static volume, then the local storage 106 skips steps 8 0 2, 8 0 15, i 
nd 804, aad proceeds to step 805 which is described below. If the volum 
e type is a cached voUmc, then the local storage 106 xhecks if the data 

(cf the write command) is stored or not stored in cache data 212 (Fignr 
e Z). 

The local storage 106 checks 802 the cache directory 210 (Figure 2). 
[n particular, the appropriate server (214, 215, or 216) in the server 
prograii 213 checks whether the data of tie write command is allocated i 
n the local disk 209. In step 803, if all the data (requested fay the wr 
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ite ccannani)) is allocated Id the local disk 2 0 9, then the local storage 
106 skips step 804 and proceeds to step 805. la step 803, if the data 1 
s not ID tl-e local disk 209, thee local storage 106 executes step 8 0 4 . 

If the data (ol tlie write command) is act allocated ia the local dis 
k 209, ther. the local storage L06 allocates 804 data area in both the lo 
cal disk 2(9 and cache data 212 Icr the write data. In paiticuUi, the 
cache coDtiol 218 allocates the data area oq bcth the local disk 209 aod 
cache data 212. 

The local storage LOG then writes 805 the write data to the local di 

sk 2U9 via the caciie data 212, !n particular, the appropriate server pr 
ogram (NFS server 2U, ClFS server 2L5, or SCSI server 216) writes the d 
ate to the local disk 209. 

The local storage LOG checks 806 the vclume type in which the data i 
s written by use cf the configuration table 112 (Figure 4). !q parti col 
ar, the server program (NFS server 214, CIFS server 215, or SCSI server 
2H) uses the conf ignrat i on table LL2 to check for the volimc type. M 
the yoUme type is a synchronons area, then the local storage lOG immedi 
ately s yitc I r on i ze s (writes) 8 08 the data to a service provider site (e.g 
., site 102) and proceeds to step 809 which is discussed helo«. The syn 
cfaronizer 217 (Figure 2) performs the synchronizing of the data (in the 
user site) to the service provider site. The cache contiol 218 in the I 
ocal storage 10& knows where the data should he stored in the service pr 
ovider site by nse of the conf ign: it ion table 112. 

In step 806, if the rolone type is aa a s y s ch rcoo us r e a , then the lo 
cai s to rag* 106 updates 8 0 7 the pending data list 21 1 (Figure 2), In pai 
ticular, tie server program (server 214, 215, or 216) updates the pendin 
g data list. 

The local storage 106 then updates 809 the statistical ioformation 1 
13 (Figirc 5). In particular, the schedi I er .2 2 0 updates the statistical 
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iaformitiflii 113. If the log pointer (Log Pti) (Fifure 5) in stitistica 
1 LHformatioa 113 is set, then the local stcrage 106 addE the log dita o 
f this ffri: e command to the jcces? log lU. In particniar, the schedule 
r 2 2 0 adds !;li€ log data of the wiite command to the access Icf 114. The 

write prctess then ends . . 
SynchionUitioB Process 

In the case of an aSFnchroaous volume write (a data write to an asjn 
chTODDus area), the date shoald he sent to a service provider site (e.g. 
, site 102) by a schedule that is defined hy the hsct or service provide 
I. This schedule is, for example, defined by tiie value in the "Pclicy" 
entiy in the c o o f i g u r a t i o n tabic 112 io Figuie 4. The scheduler 220 (Fi 
gore 2) GsecDtes the synchronizer 217 (Figure 2) periodically to enable 
data synchronization with a service provider site. This period may he s 
et to, for exaiuHe- a p p r o x i Doa t c 1 y 1.0 mili-sccond or 10.0 mi 1 i -seconds , 
dependiog qo the system lOO setting. 

Figure 9 is n flowchart diagram of synchroa i zat i on process in accord 
ancG vith in eiiLfaadimcnt of the present isveDtion. The s yach ro a i z a t i on p 
rocess may he performed t y the synchrooizer 217 (Figure 2). 

The synchronizer 217 selects Hi the head data in the pending data 1 
ist 211 (Figure 2). At the first, the synchronizer 217 checks 902 the p 
ending data list 211. If there is no data in the pending data list 211, 

then, the synchronizer 217 ends the synchronization process. If there i 
! one or nioic data (in the peoding data list 211} vhich shonld be synchr 
onized, then the synchronizer 217 executes steps 902-9 05 as described be 
low. 

The synchronizer 217 checks 9 0 3 the iniormatioii of pending data list 
211. If this pending data in the pending data list 211 shoild be synch 
ronized, then the syachTcsizer 217 sends the pending data to a service p 



(^6) 302-324000 (P2002-P t& 



rovider site (e.g., site 102), so that the pending data is s y ac h i o d i z e d 
904 with the service provider site. The cache contrsl 218 in the local 
storage i06 knows where data should be stared In tbe service proTider si 
te (e.g.. site 102} based upon the values in the Kemote IB and Remote Si 
te io the con f i go r a t i o d table 112 (Figure 4). 

The SfQchroQ ize r !17 then selects 905 the next data in the pcodiog d 
at a list 211. The synchronizer 217 repeats steps 902 thrcugh 9 0 5 until 
there is no more data to select in the pending data list 211. If there 
i% ao more data to select in the pending data list 211, then the method 
0 1 Figure 9 eads . 

It is also within the Scope of the prescoL invention to implement a 
program oi code thai can be stored io an e I c c t r c n i c a I I y - r e a d a b 1 e medium 
to permit a computer to perform aoF of the methods described aborc. 

Thus, while the present inveation has becQ desciihed herein with ref 
erence to particilar eiabodimeots thereof, a latitude of modification, va 
lious changes and s uhs t i t ut ioos are ioteoded in the foregoing disclosire 
, and it win he appreciated that in some instances some features of tbe 
invention will he employed without a corresponding use of other featRre 
s without departing from the scope of the inveiLtioa as set forth. 
4 Brief Description of Driwiogs 

Figure 1 is block diagram oi a system in accordance with an emhodime 
Bt of. the present invention; 

Figure 2 is a block diagram shoving additional details of one emhodi 
mentof the local storage InFigsrei; 

Figire 3 is a hlnck diagram showing one example of a data lafout in 
accoidasce with an embodiment of the present invention; 



(^7) )02-3 24000 (P200 2- 



Figure 4 is a block diagram of an example of a c o n I i gn r a t i o n table i 
D accordance with an embodiment ol the preseot in?eiition; 

Fiftrt 5 is a block diagram ol in eiample uf statistical ioIoiniatiDa 
in iccordance with an embed imc at of the pieseol invention; 

Figsre 6 is a block diagram of an example of an access log io accord 
ancE with an embodiment of the present invention; 

Figure 7 is a flowcbart disgram of a read process in accordsnce witii 
8D embodinieat of tbc present isventios; 

Figire 8 is a flowchart diagram of a write process in accordance wit 
h an embodiment of the present invention; and 

Figure 9 is a flcwchait diagram of s 7 n c ii ro n iz a t i o n prccess la accord 
aacc with an enbodiment af the present ioveotior. 
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1 . Abstract 

A system for providing a data storage service, comprises: a service 
provider site configured to provide a data storage service; and a aSer s 
lie coupled by a wide ar«a network (WAN) tc tie service provider site, t 
he user site ccmprising a Iccil storage having a virtual storage, the vi 
rtual storafe having a synchronois Tolume and an aEyochroaOQS volusie, th 
e local storage caafigoi'ed to inme d i a t e I j transmit to the service provid 
er site data that is vritteo in the synchrcncDS volimc, to transiait at a 

predetermined schedule to the service provider site data that is leritte 
D in the asynchronoBS ToUmc, and to read data from the service provider 

site il tbe data is not stored io the local storage. 

2 . Eepreseotat i ve Draving 
Fif. 1 



